*t& f 





17 






t. - «. 







UJqIII -Llbillg uglallg nhlhlll SOligJI ■ ml jiil I bfljuu fijjgjii oiillilJ Utf nlmlm 

1990 . 1923 ^IjJlaJI i^jL<io J^^l i_3lj_u,b 1978 jjLb ^ 3l,,il,,i1l ^jju-o 










1^5 



$ 



7 


JLi^qjg 'UJ-ilc 


23 


L'j-i.u-^j Ujjls i-iLLjJI (ale 


41 




81 


^jjjIjJI iliJLJI (ale 


III 




147 


^^^a-j-JI fljJVl^ j-«j>JI 'iUi!U-*-JI 


163 




175 




193 




201 




219 





«oaoll 

Kganll 
«guoll 



:j-Ju£. (_g^L>JI Jir^iill 




igaJI 



257 



gLLa._c.J1 Lj$£LTt 1 1 Oil 

Kguoll 

j^ ^ ^iai oi QJLlflJ I 



jL>oVI (_p=j_«j 4_lJL5JI 3_jIL«JI <_jj^>JI J^Li. v , n"* ; j (ho\iJD 

jl Jj^* " >^ J'- - 5 ,? (_pL* t— i!j^>- (_j-ll ( _ t j-i3jjjJ! 
SujLaJI iiJjL»Jl! (J.C ^_Ji/L_Ll1 jLojJJ S_aL^VLi 

^L>- LajIjjI * jjj>j1 j ~ i * i ro j (jl L« (jSJj • M-^^^^ 

(_i_Lj La t-')Lju3Z 4-j_aj_2JI jl T" »l «_jjLvila CjI Jj 

3jLl«JI jl (jj-ij-cull (jjjLJI tljJ^ (j£l mil sLj-JJ ij^j 
(jl <_ x^cj (jl£ jLaX.'^l (jV i JjJb-Jlj fjljJtl 7-^LcoLj 
(jL? ( _ 7 IU£j i nil \l ,^"aVI (jV IjJaJ CjLjjJjI «L<iSL>J 
j i a a. » I <"< Isi (_5-J-I! (Jjj JjjiaJ ! <— jjj>JI Jju ISLgJLa 

..(jjLjLJIj 

J-jljl (j-a (jl jJajJJ i " . ii II, I <_*_j^JLll (jl j-J-C 
t_)j^>JI ' . i *<» Lu-ujj (_ T 3 4_j£.jJL)l jLaX.2l jtJjLvitA 
. . JljJljsJI (_ T £LiaJI ^SjSLLi Juusj^a «.1_lj (jli SjjiL^a 
JljLJ J-jISj 4_La sLpJVI Jjuj Pulkovo Observatory 
«Li_tu (_^5 ^3e-uaj| (_ 7 S_LaJl (^Uj-uiJl >Xu3jS\ 9-^j-u±a 
^Lj}-^ J-uaj-a j_£! ^^Jl ^^ ^Aj-^j^JI S^jj^v 

J^t-jLa^a^l^SjSj^a^l SjLstlU CjLjV^II ^ySj 

.jLa^JL (_Ll>- Ja-aj-a (_y3 (tLca^J 200 43 lj_a j_Li2j) ^^ 

Ij al :v Hale Telescope, Mt Palomar Observatory t^^'j^j 



iiMjj SLuliJI SLUjJI l_i>*J! liJjU-a *lgii\ Jju ift-jSlallj *ULiJI JLjGj-uV 
<"■ 1 ftol 4-g.j i ii J d—LS^-aVI SJlxjII CjLjVjJI CjJLui dJJi JLtJ joj . .CjIjJjj/ 
Kitt Peak National Observatory ... IJj^jjI cr 2 lt-^ 3 ^" lIxj^S^ Ju^j_a j«_!L»JI 

(j-OjjjJI *-^3J (j-a ijj-ui (jlS LuLLaj^j *-^3J (jl (j-o (&£.j-lu iSji^tlll CjLjVjJIj 

(3-S^>-j Mj^-pljJI dJULiJI (jlj-j-a (jr^ («JL*II ^"'^Kl;.' cJsla jJLa , U \l .V.al 

jj J '"II dJLiLi (JjJij-»- J_i^5j_a (J^L>. (j_a 3_aL<fc el -i J^r Cjlj^Laj ufcjl olr 
(^yjj^aJI ji (_gj .^.tl i<Hiillj aLu-&VI dili LuLLaj^j <Jj-<i£..ij Jodrell Bank 
(_-)LLa_jj_l <_iLJ3j_a pj^ mi a uilLLAj JljJljsJI (j3j-U (jjjej-ul <— iLJSj-a CjLcajLS 

. sLca^J I 50 'Olj-o * k>a <-LJj"i mi a ^l^pjjii 
dJiill 3-^UtJj-dJJiJLi aL»1&VI Ijj* (_>j<SL*J| ,_£>i»Vl JjJ-II {yijju&^j 
2jolr SJbca 3_j| (j_a ^JlC mJI Cu&Ax^aJ IjLa . . 3_l«1»-1I Cj Ija mi U I /Ac- J-jJoJI 
I .^.^i^. ^ I jja Lmj i n-tt-a Uj^- J^-i (jl J^JJ.1 (j-a (jLa Jj jJI l*1Jj (j^ «LjC^jj-uI 

i\j-LM i JljJlj>JI Ld-La ll j <Luj£-!l *Lj}_jiJI (jj^Lj-a ^ 3jjJlj>JI oLaLi^L! 
2tA^M llj.-.l.t^l ,-,.\\ Ml a i 7i, „* S^U ^f 3".-»i 3^j txl .'•■I — .V| «'t a , -.•.!<] 
:4jMj CjLiiLala (jj| QjL-dj ;»LxjjiVI ljui JiLa 

} la ' I' (j_a gj l^j j^j>oj cLaLill t i ' *~>" ' rt lJi^j (jl JlIa (jLoiJ VI (jl : Jf^VI 

JLSj .. LSJSJ^aj Ljslj-a I Miitjila »l o i nil ,_fl iU^JaLb J^aJ J-*J O^J^' Cr^i 
J j I 3 4_ijS x_a ^1_lI j&jj <jj-ll£ -I 1 i nil «G_L3lj-aj «GjufcL<ika pl^«« (jl j_j£|jj 
Jlc Ijj /oi^. Jjl cdLiJI <Sc (jl^ (jl I Jufc SjjejjJ (j^ (jl^J ...,JjiII ^ JjjjJI 
(jLSLa dJliill (jl^J VI ^^oUI (_y3 oj I uaa. j<s-2j /<J 4JI . U->l'i Jj V ■ (jl i n'tVI 

(_, MM JJ J S. i"i J lLLLUJ 5jjl I nil CjUUjJI f-£J^>- CLu^SjJlI L«S .. I J^" jjU 

«LaJLi£. JJ^. a^_jJ1 <l^3ejj M^jJI aLiILAjiI (j_u_jjj . ^"i mi )t_xlDl^_a (_^J tc-l^Ij 

(jjJJJI 3 mi frjJIj aLclaVI diljd Ijlj^uj-ol VI Sibji^J! S^ujitJI SjL^^JI 

.(jLtujVI )«_a \ mi 1 
(2yuJLaJlj tLiiaJI (_,i^. d<-<Co- tf^LujI '"'I -J 1<*J »l Ja2JI CjLaji (jl tj^yjUJIj 

.. -I , >. A 1 1 ^Lxi^. (Jj^S «_a (j1_iSLLflJI (j-a j^uS JJl£. liJI^jjil (jl£ 

3ibjij>JI Sj'Cliill oUtjVlj oL^ljjJI ^yl^. (jj^_p-VI jLci^.1 (jl^ Li* (j-aj 
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CjI j I i <-j CiL-uljjJI ilj-^-l (^ r-l ia.HI -iLujI v^jLlUx. <j-o 3-jLaVI dl! j£a 
j»UI (j-o .- ' laAll .sl_jj (jjJ^- (fci>«J La (jLS I <>»jl [jjt (j-oj 3 a u *- 1 1 4-ul i^aaJI 

j ^IjtMl 4jj,|jJ ^^a Jls. jJ^. i ^«j"j V 4JI jsiaJI SjLjiala ,j-o (jj :CJLU1j 
L<fcj_&ljlij jjLcujVI «CLu «L-ulj.} sLxJjlII J o'C" i iij (jl Lut.uk (jlS I jjj "Lut-uIaJI 

i La S-Ll-J (>S-*j V «LJ| i_3jjjj,lj ..(jj_i£Lll iljJ! jjfc (^JJI (jjSU! S-^ljjj 

(JjSLj jl LgJji>u ^ylll (Jjji.'^l CjLLijJI £>£, Jj-«-*J Ui^-* u' "— 'J-^f ' '^JJJ'- 1 ^ 5 
(- I C SLljsJI (O-^-flJ Lu-uL-ui Ij-ol (jjSJI ("^4^ 0^ I ™i • ™jl>?^ J' * i " 1 ' a 

. LgLu£Li_u.aa ^laj^l 
C^-SJ la SjLjJl^- LsLal Cj-sc^ *Lij i nill «Qjj_lijj (j-w mi mI CjLsjI (jl Lii 
jJLaVI /<s_ai (j_o J-»-tj . iLoj^jLoj Q3^-" 4-*-laL> ( _ 7 i^- (J-^3 (j-a (j£j asJ sljjiol 
jj i a3 (jj_u^3UjJI »l oUll f-jLb I JlA (_5-3j .Q^SLi! ( _ T iiDUjJI (jLpcjJI SJjJljsJI 
d-j-iiaLjj-ll jo-LjfcLHIj CjV^L«J,I (j\-a Jiir" i a a (jjSJ! 4_iJLc (JJ^J O' (l^- 4 - 1 La 

(_2_3 -" J H (_£l . «Lj_L*_3 CjI jL-ALtfoAJ j_A]j_li [ j-a fC^jjJ X-4J5EJJ Lc_4 ^J-* MU * rtj 

•" j~l j Co j a cjLojI j^J^c- j! vijLjJiV 3_ij^tlllj SjukLiiuilj 3_^ljJ,! ^ j'C I ri 1 1 

JJlC tojjso ^1 ^joUIIj L4JL0 4jj U'.ll iCjLj/IjjJI ojufc f-J-«->- "-liJl J^J 
^ j 1 c «L_4-lia_ji ^^J < ' '■^** (jl (j^-*i 4-LajJul CjLuiDj_aJlj jJjL^JI jj-a J^±& 
14JJJSJI «UJ_lAJu i_2^c ^uj^Lil! (j_o fj-3 L«iuJ XL»i . .(jLtS (j_a (jA3 j<sJ 3jjJL>- 
L«iiJ (_d!ia I Jui 3-3^J • • *^S>J-fl-JI Ll>- jJjjjsJ I jji Ll>-jJj_ij>JI (j_o pj-3 LiiiJ Lo 
.Cosmology Qi^-" f -^- (•-"'W <-2j-C (_£JJt JjJljsJI diiill jai^. 
LLa-mj-a Lajjju Ala aJl2j (j! l_Lii>-l La j_a jj^sL«Ji,l JiJjusJI /sJjJI Ijuij 
4_jj_<j<jJl_^3 -" J 1 a » J AUiILaV SjlTn ul dJJi ^^3 (Jj(J i«Lujjl!I *Ij^J Lbl j uJ 

^^_La (jl Jl_j_« j_ Aj dJLLdJl A 1 c ^jl Jl_j_« i _ 3 _b ^_^ILjLSL« * O^*^^ OJ ta ' k Ti Jt dL5 (3^*^ 

j_uil (jj, 4JI» UjSLo ._& .j JLlu'ill Jjijj iCjL».mij A MifrjJIj (^^jjiiJLi 

.« I .iSLLa ULc j? LuLjj_j£ 1 1 jut LJ > i^ac j_^ ^jl i n'tVt (jj^i o' Li* - 



wait* 

(jLmjVI f-^J-o 4^Ji-l i_2jju (jl I nlr (j^-*-^ ' j ^' JlJ ?^' U_J^' f*-^ C 3"' Ur L> '3 

^ 5 J 2 a» (^jS t"i I ih I «G_t_JJJ (jLcuJjM (jjsD^_« «^ + ( iil^jl d * ( nLiojl )) (_^j2L9 

(j i"i 11 (Q-^-S (Jj—*" J3^~* * "1*^ ^ * uU (j_« \j j * 1 <•> 1jLu_u LojS 2(1 ^-a^l 

(j\j^i_i (j-° 5jL>.|j (_j-& (_ 7 ^-!1 Lcj^x-o ( _ T 3 a^cJJI jl (j-ujo i"ill (j-U^Li t-LlLuij 

/o_LjkLLa ^JlJt" 1 11 j ujus\X\ ^ iiJ>ia>U «CLj,!j^ ^ (jLuJVI (jl£ jtSj 

CjLaLtuilj ja5=j>JI fajj^mi ojuijj-aj ••(_p3_)2il (_y^- 7"L*_Li <-$-aJiiti<-ulj L^S^C 

.SjjjJI 4 1 in 11I ( _ T 3 

L^ajiir'u nl (_ 7 jJI O^JjLtoj ^Ll^j^I (jLmjVI /c-uiLax-i (J3^-JI f 1 -^ SJjLj*- (_j-2 

. I j , ,.Ai cLj/l^tJj (Jj i4jLl>- ( _ t 3 
(OJ*jtj LS-UJ uaLcJjl (j I La j"j " 4ibSj 4-«j*j;t3 dlli ^^3 jjJLto (jLcuJ VIj 
cjl£ I J14] L*-Uj ..S-ljIsj'^I 4_uiL>JLi «GjJ3 Jajjjj di! j£j L^LujLvj ( __ > i>j'^l 

.. I frj-ljjl ».J (__>!=_} 2 I 4_tS ^1 'LlUoUj 4 J I 11 tj JoLujI Cjli 4jU3LiuJ *^L4->> 

C 1 ^?- 3- (3-° Ui-^-* ijl J-J ^ (j^ ** ^ Ja-c. 2f jljJLoL^ I jl-i»" 1 "I (jyll! «GljjL3 

4_«jajtj 4Js^Lc (_gi oj^ o' ^ ^ o^ al Knit L&LluI (_yil! «oLjLbj . .(j^-*- 

(_j^»-) (^laj^l 4_oJLjlj sQju 4 j 1 11 Li CjJa jj n I ( _ > l3j2l (_,ii^ «GS^>- ( _ T l>-j ..jjfc 
JjjLi La j-j-C 3 'j la ' a " «Coj^v (jul£ ^iilo j a^J I ■»■ u , .. (jic ijJj^so La lil 

(jl dili ^ i .jinllj (^j^! t_^5^ cM- (JtH^^-^"- (m^-" J'tP" Lolu^JI ^ 
(2>c (ftiag ilLiJEJ (_gJJI Oj^JLa .i—aljJa^l a I la c iLLsLco^j (JjjjeJ (jl^pJI (jjj 
I ii-ttij -" la » II ulLIi I J I -1 ->"■_' (_ 7 3JI iJaJLJail 3j^ j-Lf-° <>J>2j i-aljJa'^l a Lta^ 

x_4 i u-uLuj A lajLJl » kiLq 4_>-Lui-A Lt-uu t4jJ^jAj| jjuul i utSLc x_« t <_j_uLuj 

(j^jtjl <J-^j' Sj_l-lSJ1 CiLJlj j-a-ll (JjSj (jl /yjtgjJaJI (j^ (jL3 1 LAjJaa ^-Jj-o 



Juj (_g JJI jy-Jj-^ 7<— <-S (jLa tiJ-Ji ip I **J Sj j » LaJ I CjLJl^-pJI £yi js^e-iIoIj 
^LjjjJiJI (jjj (j-o (J-2JI 3j-a (jir!^- 7* .' ' ^.' 2j-}L*JI ^ii?*-'' O^ °J^ ' 00 «L«j=ijv 
<j-a (Jj^l 3j-a i_aVT Sj Mif VI (JJ^J (jJ * L ^-J^ 6^J ('00 i_c*S^a ijT) ±\l*X\ 
JU^_u-uj . jL$-cjj <tl2j JaJtxia C^o <tl>-jl -" Laaejj jl (j-o Jj }L3 I jjj . jLL*1,I 
(Jj-aj (J-2iJI j-^C- 'l£j-»-i ' a j aula] (^^jjljj 3.iLc a Ltajtl I (ji dlli icj-<-u (_y3 

(jJI l_L& (J^jjjlIJ (jf ju V LaiT ...SiTj^JI dLSf (jM.tlj (^uJl^ liLuiUJI 
(j_o (J^l 4_a— -y_-v (jo^j S^Lc * _J 2 1 1 a * . ilaJl (<s^=->- (_3-*j lS>*"' *LaL* 4ia2j 

dJLli aLajV ' . ii3JI J^Cuuj ..i<i n-»JI «UeJI j-j-<j->- (_yJI ,»jJI *-3-5 (_,lr ^jJ^ 
raHseJ (jj^tl (^ JL»-lj <»lj->- >Lo Sjujj .. LgjJJ^j-aj (j-ulj^iJI «LlL>LLia (_ji^. 
Lj^LUol I La « i '-» Jl!jJ Ijufcj) SjLjJlC Cjl^ILo^Lp (J^Lij 3JljJl>- Sj^aJ «Li£.ji j^jj 
31^. 2 io i n tl j-jj-»J tiuJi^JI ' _ilaj| (ji /_i ^^tujjjJI i ii i lit I «LL*Jj ' . ilSJI (_,lr 
' . lLoJI (ji (j-uy I j j a 3j-a 100 TtJjS - Tj-iS' f ^?-^- -*l3 >^ lillj (_jlr j ... (Sj La a. 
<_JJLtl f-^SoJ ljuij 3j-a (j^jlo jlj ^ i n-»JI (jjj (jSLtj 3j-a 100 LaJfcjv jlj jGb 



I 1 J a 4-ja- i ii 'tVI JS" (_yJI J i^aj (jl AjJL! (jS\x-i (jJj «u «U (JjJ9 V i La i i a Cj. 

,(J4j| i_ifuj| 4jiaLLiA <JJjLS 

i(_fji ^J-iJLj j>^V I U J III) .Slj Li" lllLl jL^JJ I J^ (_y5 (_, lllliit 7T Q I lllj 

La^ a-v ^l^_)-J o' *— J lj "* *"l f- "J^ 0' '«l-f>- , ^l »l air (_)J»JtJ ol^-J U. La^Lv 
( _ 7 i^. j j La " V /?JJ^ JJ-a (jL-^> LiJI i^J^i Ct-^' <— jljjjVI (jl L*lti .. 3j^ 3jLa 
(_, I a. I J (j-a-Lag JSLufc L^J ,j .nt (_g i) I Jj'" a I Lag V Cj lj ut>J La . . Cj Ij uuJ I 
4iLv (_p (_y3 i _Aa L^J (Jj 3 Jl>- lj Sj^S^a g< -» •'■- a (_>ujJ ' J ; I a J • ( L^lfl-I (Jji^ei 
(_pj «_iLUJLi (Jx-»3 I j iS> lj 3 '^**.'.' d ' ^** a <-jal2JI eJJbj I J 1 i a> CjLiLv (j^ 
3j_Sj i". i ii j 3 til IJl^v 5 j— j-lS Cj \j mi -»J I S^ (jl Lai i«CLHL*j ^j aaj Je a i_Aa 
(jLSLalj •»■ j "All L^_aJ aLLsj (j^ i_3j|jJLA dlti ( _.j i nj ...(jLtujVI ji SjljJjJI 
(_)S (j_a SjLaVu L^J 7t a i mJ La^a 3jjI/l_La cLa- i a iVI (_jJI (_g^j>JI sl^JI Jjj-aj 
£yl JjrTi i nj ^Lila (jl i n'tVI La-Lu (*/2l ^l^v) tl^JI (_y3 Jo^vjJ,! Q^-a- i n^VI 
^_A /aU 1 LaS (j\j> i nSVIj . (J_oAJlU,1 ^I^Jl (j\j> i nSJ (j_a /.5 (^l^j*. ^*-Lu d 1 1 <n 
c.lU~,„V l -.lj uuJI S^3(jLuJ^Ui2JL?3Jj.i3LtaJI rLliV sljJLtl Ju^Jj (_§ jJI 
lj_uS j_l»j i(jl£ ^J 1 1 Jui i_p-aj .3Jl>-Ij ZjJi£ (_y3 (J^VI (_yi^. l>Lajxp j fl^-l (jl 
...TtJI «Gljjij «GVlj 4j(jiij=-aj 4JJLAJ ^ IS i ii J (jLtujVI CjL9^Lc tj/js 



p-x-x-) 4_jjjj (j\ i ii tVI ^x->- UoLujI (_JJ^o T-LiajV I Jui Ji Lj^£j jJLl 

.j_uljii!j (jjLjjLHil jLc^Ij cjIjj^I j«_u^5j (CjjkLflJ.1 i_dlj.il 

(_gl (_---) 4_u_>L_s_JJ 4--L*-a _>J Ji_v (j-«-^3 (^-ajj-oj,! (j-a -U I j-i jij (jl JljJ LifT 
l-JLLosj . . (- I i a «l_GSj (_p-ol («^=->- <--ILuti (jl^jjtil (J3^i O' 0>4P" <: ^t^ S~3^ 

2 1 1 nitLi (3-G-Tj Lxjs^v) JiLo^l j_a> (jLtuJVI (ji_i \l y.^VI . l/» J,*-*-; i_Sj^ '.'."" 

( _ > -3j'-fl (j I C L$-3j_*_l Lo-i ^j^-ls-JU sU^_L-dl (jlj »l oUII (j-o -SJ-C JjJy 
Cjli 3-j.iLa 4-ttJa-i! JLxjljj-uLi L$jL_.Li-J Jl>-Jjj (JS, mi" I j v*l fl-a (j2 <il«-« 
(_---£ 43jJ-3j (jLcuJ^/l (ft-*-*- *-« C-u uLuXI i_£->L»JI jo-joJu ( _--L»-ij .(_£_>_-- (&-*-»- 

S-^-l^J.! »L)_^iJI (_^3 (jLuiJVI L^JjIj-b (jill 3_>UI <U"a jjf LafC . L^Jjl jG 
J-o-ClluJ dJUj-Jj .31oL>- (_k>j^! <_-!-- -oLa <bl <-j Qi^ i_5 JJI jJ^Lj 3JL«L>. 
(j-o *Lj->L>-!I jj-o 1 -/ I ,j-o Si aj i " a (J3^ ' L*jL*il ^j-JI 5j-SL-til (_jj^SjJ iOI g_u •"■" 

.L_J>-. 

(jl /_jt-i-j-IaJ I jj_a (jLa 4-bi-~i c-jLu.u'-f I 0J14J Sj^-ls-JU «u^_ui]l clulS I _slj 
( _ t jJI (jju-u^lj j_uL«J,l i_aM-_>-2 lj-»- «-jjl--3J 4_l»j-3 4_ojSL!I «u^_l-JI (JjSj 
dllj x_o \j U~ , ,.lj . -l£lj_sl jl a j j a ^ jj . aj » jU" , ,, 1 _$j <_jj|« I fl-il-- "-^"J- 5 
3_>j_*_i--i «L_vjJl_i (j-S-J (0-! (jlj 4_i_<-i-_> I <-a-jl -Uj j_tl «u^_l-JI (jj-s-i (jl J-> V 

. . «Loj-\J I f. u^_l_J I 

t _ ? I^. O oj"l '( I nil 1 '( I n^ ^lb . . .(_ ? ->-J^XJ (^gj-AJC-a (j-uLJ-fl-a ^Jti (^ jjl O 0" '( I nil 
^"iflj"t f i nil LLi^-lIs ^Jj . . . 3j jjj (_ 7 jv !i^_cj j^<* (jr^- '^^ ((j^_iLa «Lll_a) I 
jJa3 LLijjIo jJj i 1 SJI j Ua (_y^ I iLi^ajJ (Q^lLo 4jLa) I JJjlII (j^tflj (_^3 
al la I II j La a ^Jlj^v ^ I c J ua -* 1 LiJLa (Q^lLo 4jLo) ^JijiJI ^j oi-Ll j-x-^JI 

JJ_«JI I Jui (j uAJij fj 1 no ."ill a I IaJiJI jU» LLlj_ll3 ^J (_Jjj>-I Sj-OJ • • ^nil '"ill 
. . Ljjj^>J, (j-ijS J^" 9^1 ^^flsJ-^Lu^ia- UI niri nil Juu t_!jLSj La ^1 l_LLca^J 
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(_lc e\ ! i n^ jJj i IjLla-a L-iiajl LoLcujI L-uLJLa ^Ij-*- jLiS j-jjj>-J til! JiSj 
I Lq i ■■ 9 jAj3 . . (_^>.jj_a_i (_£^_^s_a (jjjLjJLa j_A (_£ jJl a1^j>J1 ^_y^. J i^aJe * lJlJI 
J'^>' LLiLa ( I j o i <i qjj ,~,.r ^ Sj^Lj 4-aLalj Jl>-Ij (_gl) 10 (_,-i^. ^Ij^sJI 
(J-La-Se-i i JJjJI Qj±ali oLuj-ua idJJi (j-a 2 Jj jtj . 4_L>-ijx-! "^J- 5 ^-Ijj (j^- 
Lbj-ils liLa . .(_, i no lUI a Hail I ^^3 ^^jLjiola j-«J3 jJLcal 3ij£ i_jjL2j La (_,lr 
L_LIi£.j_aj?e_a «ul& t >jLiL) La ^_y^. J LaaJe * ^^>-l 5j_a ^JmJI j-^'" IJufc ^ljLuI 

x_a ,J_al_*_ij 3_Jj jJI nLj^-j-aJI J^5=-l 4-&L>ul ( _ T 3 <LmAj sjJtl J^=J lji£L&J 
JLa_J (J-lLilLlJ SjLc ■ ' J * _' LJ, 4 i i nilu j » LtaJI /_i 4_ukl_LLa (_LlSj (jj»jjLia 
£Lj_Al_Lla (_LlSj (jj»jjLiLa «_a ,J^Ltlj 4_oaSjl sU^-lAJI _o^e-> sUfcLsol ( _ T 3 ^ i unj 
*Lj^_LflJI (j-a LtlLajju LiJI (jj '"U (JLiXI (j-a tcl^Ijj . . . "La La: i*aJlj J-^LH i_^ 
(j-a I JL>- l^jii J-pl (JjiLlSJ.1 ^^3 J-J-«J J-^- J-*- 1 < *tH3^-" *y>f^" Lr^l ^-}L»JI 
(iL^jji!! (j-a i^l-^Liail oUoVI ^ LcJLoIJLi <t3.}LuaJ i^gJJI (JjLlHI ^ j-liuJI 

.^jjjjl *Ljj_u1JI ^1 5jjL«JI 

oJlj* (_jJI 4 i n jjLiLaj 4-«-i3 ^jjJLlI jl"'^" 03^-" (J-HJ^ lS 1 -*-" (jLcu-l VIj 

aji^.1 i nj V^2jla L^-ui iSi3 L$J Jl^=j (jl * j^"" "_* ^ ct-^' 3J5LgJI JjSLIIj a_o^=j>JI 

. 1 a o gJ3j L* jjj-aj ^yk: 

i-u^aJI 3_LcJI (jLi Jjill J>==-a jl .. jLuVlj cjLaLuI! jjjI i_dLu* /<u 

j!^_)-JJ ..(_>!=_} 2 I (jl I ii |V 4 J I nil U <_*£.j_a Jjt] (jjS^-ll (_y3 iisLuta 3Jl>-J ( _ T jfc 

..4jjjjiaJI Cjlji 1 nil (j^j^LjjjjjjLajfjjSLII ^^ CjLaLjtA ^j-i Lajj^. Ujjji j^al 
(^ "ijji^jj AJjJu^sjj j(jt^a (J^ (jLi i(jjSL!l »l olr jj< i"i (jl L*ili (jJl 1 fi i<il 
CjIjJj-u ^LlS ^ j" Jj jojj ^Lt3 CjJL>- Ji^ ja^aLal CjJlxj 4JLij j_l^L>JI dx^oJI 
.(jjtilil jjILa 4JI i«Lj£ (JL2j La (J^l ' JJ « 1"' J-A La.il 1 1 JlC (j-U^Uil )«-Lu J^ 
SjLa i_2^Lli.l (_,-& (jjSlil 4" 1 nlj^ (^ (jl 1 h'iVI «L>-ljJ 3jjj(-i-3 J-J^l (jl (_jlr 

..3_uLj3-J-flJI I j Ltajl '^-^ (_y3 ( _ > l3j'^l (_,lr <-3j-»J (_j-^\ el\X\ (j^. (ji^-" 
".Cj^Lj CjVLv (_,i^. (jj^ 2jlil (jl 4jjL»JI *u^_LflJI (j-a (<sJ-»J (jLcujVI (jl 
3jjL«JI «Lj^-j-iII plr (jSLaj JlS j iS-Acoj (jljIjII LlIL>- I (h j) 3iSL-uj 4jjLc 

,^1)1 43l ,,il,l ^ 4-uji^-iII 4m,iIIj 303.1^1 4jjllll ^ jl* jLS 300 .000 isL^a cjiMI j j , ,n (I) 

, 4la l^ <LIm (JT ^ - j 1 ga 1 1 L-Aj j 1 11 i 
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..Cj^LjJI L^jVLv ( _ t 3 3.}LaJJ 4jju (_>^ajl i-aa-J «L*jiolj (djjiLlo LuLLa^.! (j-° 
2_j^e-iiiiA (_gl) (_JL*JI u& 3_bLLo (J3^-" (_j-^ CjljLiJLa .,j^j^\ ^Ir Jl^aj (jill 

- - - * <jj«m 3J.jL*jJtl cjIjUJI i-i!jl i nl !jjL«-o L^jL a (jaSJ dlti 3j*_l1Jj (Lu^$£ 

jJaj ..((JjuJI JljJlJu jUJI (jx. SjLi^. Loj^LJIj) Plasma Physics 3_loj^LJI 
Sj^sUtjj i ~ ' 1 2 j ■ t-~ 1 1 ^ya ^Jlc j_i 3_Laj^LJI »Lj}jiill S^jiljj (j-o ?Lxi«JI jLai 
pji Ijjjla d>^'- ) -" 0' J ^'- ) -'W^ J ^" i3-°J •lSJU-'-" r-LoJjV! t_jjLjtlI 3 j i nillj 

, - i\l . >■. « 1 1 j_p (jl I j a iSuS I Juia (j_ajSLlflj| Q^jju^-LflJI j<ui «LloJ^LJI «u^_ul!I 
Cj^I JajtXI J a ^ aJojtJI 2_JL*Jlj a^jc-JI (Ji-l-i 2 t\~'.t I j^A 4^jj>JLj 2?U"U 

Aa^ciJI (j-a SjUl <_)! j i n'tl 2 I , >. . ^ j t( j „ .'lill ^^ (jJjJ^VI J I) r-LlIlj 2_^^iJ| 
^_3 i-t\l . >■. » ^ ^ji Lxj| t dj i up ."ill T-U^JLi i_3jjlj La 4_uoLjtJj r' i^aAjl ^1 
/_Ji 3.}j-»-jJJ SjLtl '*'." '^» a (j-o Ij-JJJ (jl J^? (J-^Wj •'^- j^W *^i>i^' 
5^_lj_« 4_j_aj^l_j <~*y <>»• ^ 1 <>» it ^_& La->l A^?e_u1 (j-^ 3^3Lu_« Q^SJl g I Ja£ 

jl) (_gjLc jLiu (o^e-«io jl) (jjLLo jLc «L2HJI -» u , .. j^^. dj^sLjcjj ^La^-A^L! 

Ll<_a^>o (_ T lII sLu^ijjill AuCbk^U Sjul LlA j-&LtiJJ Juil (j-o (J-»Jj • (J-iLiILa 
JijLi jLc. (j-o p i n -v Ja_Ljv| lil 4_j| ^^Jl i _i it Jl3 ^^lllj CjLj/ljjJI ojui (j^. 
(jJI J '^>j ct-^* - i-IaJLLa o (jl (j^-a-i -5ji— Jl jLill (jLs ijji-Lji jL»J 2_aLj sUaLvl 
(jSlxj CjjJi^JI I jJt, JlLoj Stage of gravitational collapse ^yjjjsjl jlj(j'tVI j>^ 
( _ 3 _L«_ajj .CjIjj>J,I ( _ t 3 Jlj^LulII jl 4-lo--^-'J I Cj^LiSLiJ! (jjj£[3 3_jIjj Qi^i O' 
.. 4-4-1 JlS 3j^=-o (_5-3 3JjJl>- AJ^>«J L$J (JjSjj (_ T lII d J*JJ 4-lLjjl!I L^Ji J^>-\ 

Cjj_4-i ^jLj*_lLa (j^SJl (jL) jj ,^."tl (_^_Aj ^^>-| <3_i^t i<i ^_jj 1 *i^* * I Jukj 
' tU-it^ (^^Lica I o J 2 3 1 1) ) cLlLuuI i>JLA (jlj . . jl ) o" t nil AJ^-i JJ^JJ (^3^?° ^-±^ 
A^jaJJI 3jLo (_,3Lj (JjI (j-o jji al^JI (Jjl i iTillj .^js>-\ ul_L>-i I a-tje aj uLL>-i 

lr ja^itXI (jc i_2^iHi-l (jja 2_u^JiJI 3jjJij>JI j Altai, I j> jji ^^3 La ^Ir j 
2_ilj_c. j-o^ll JtJ^-J-! J^-l y '-«*^ ' ^J'^" (jl I nlf ALaj-A^iJ SjLilj 'o-^J^i' 
Ji^J •(_; ' MjUl-LLa (JLjco ^1 (JjSJI (_y3 Laj^LJI 2JL>- g-l Laa>l J-<kJ •• I JljJL»JJ 
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LSLj-aLbjjjj^JI <lc j-d> «ljj_uill (_?£ -^J^ >*■' p>^ *>"»J (j-II I j^* l£ j ' 
7t_jj-o! *Ljj_ul!I f jji (jjj pj^ jjij i Magneto-hydrodynamics 2 j m jULulXI 
3_<jjIj^ 3^jc_l1j 3_lJL5JI 3_<J,L»JI <_jjj>JI c-^c j^LaJb Ijj jjs jL^a ' bj. 1 ^ 

VlJLa j-^Iju (_g jJI (jjvjLiJI (j no i"ill as. «U-ulj.i 4_i^Lje-ij 4^1^ '*'/ '^-» a 

(_£j_jv| «Ljj_*_a^d 4_a^s-iiaJl 4_uj£Jl a1^>- 2l (_pS 4_<_u1j.} ^ >Q * ' a ' < la '"j^j 
(_S «_ij I j if /^jii- f> iM-^il A j i nilu ,JjL^JI L^jJL>- ii-ua jj i aj Aj^juus lJ Jt 
3_coLie-jj I j i a a j L^jjLa ^1 3 1 1 iiillj-SjijI ji^l I j-fl>j-jl L$j-uJL>. jlial 
...(_Jji.i CjLsLU ^1 3_ujij>JI 3alUll Jjj^o - j j * «j i^jijjJI jLt^jVI ^ J j ^ " 
Cjji^ej I a jj i aJ 3jjj<_ca (_jJI I IlS-Ll (—1 L>J| jLj^jVIj (JSL^JI t_!jb>JI I Juij 
(j_o 3_jj^_a I j i "I i u! u^£i ayA,\ (jl 3j.}L*JI ^uJ-loJI (j-a /aJju (jj*_t3 ..SjLaU 
( _ 3 _Aj) iCjLjjj-jj-Oj Cjujjjjj L#j iSIjj (j-a (jj£ju SjL>-ljJ! SjjJI jlj CjIjJ 
«LjJL<-u CjLJjj-iSJI 4 iiiio SJsLL-j CjLjj" i n< ( _ T 3 L^J ■ La j -» jj (4 Ise i"ill <ia^a-a 
CjUjjJSLMI ojui jlj i ( L^iL j-aJ*-a ( _ T 3 «Ll»-jJ,I SljjJI A it i". JjLju) i4 Ise i"ill 
/_^ CjujijjSJVI (jl Lai i L#J Lka-po 3_aLtC L^JlSj 3x.j_<jiJ SljjJI Jjs- JJJJ 
' ■ ' J " c f— ° j3^-i ' _0 3 ' * a ^'^V ?- a * >l ''""' " Jj^ ^ nl'^JLl Cjuj" i ii U 
. 3j jJI *Ljj_j£ (jx. /oitj La J^i-I u^\ lilli (j .i*Cr JJ^J La LgJLaj 3x.l i nil 
■* La « a (jl t _3 .' ' " Li Sil-L^VLi (_p3j2l (_yl£. 3j jJI (jx. i—Sjjlj La jajil jjl j_j£. 

.. L^-aJe-a. (j-a I Jl>- Ijjmj l«>>- VI (jj£3 V L^£ S^UI (jlj p'j^ L^-aJe-a- 
^^JjbsJI jLl^jVI CjJi^eJ LaJtJlf. UjJL>. a j j a II IjLdl j_l«j (jl I ijlr (jSJj 
L^la tLaLi, CjVjLuiJ JLJLi jisiiEJ LLi,» .. IwLjJ-tL LLalJLuajl SjLLI daa-Ja "j 
CjJljsoIj p Ij_3 I j j a Jjj /oJ (_,!>• CcLaJ uaJl (_ylll 3.}LU 3<jjU (jc Jjl i ."ill 
( _ 3 -3 L-a-ilj I J i*a » ' i—uLaj V CjIj jJI Cjj-oIj3 LaS Cjujjjij-JLi CjUjijIiSLIVI 
aj-tb (_p-a ^^3 SjLil (jl (jjjj iio'rj »l a I » II jritj (jl .. I i>ijl Ifji^-n t (Ji-lj 

Laj>UI 3JU jp*. Vj ^jj^II 33^1 cjVUJI ^ ^1 ^Lc jjSi V 3JUJI 

(j^aSI '^-^j '"" am (_gii r-jj * ( _ t jI< i_pL«i (_y^- La-ilj (ujJl>- CxSjX. (_p!l «buljJI) 

.(Jj£ (j-a LikJi^jLj /oJ 
LljJl^*. 3jL^_La SjLa (j_a (^Lifu 4_fljLLa (aJ?ts. jl jj ' qj * jl (jSLa-i ' ^^^ /aJ 

.SSjLUa'in i_2 2l jl CjLla (^1 ujj J LQJ jl (j^-a-l 
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..(jjSDI (_^ L&jt^j 3jlj^>JI ^j^v'i/Li j| ..3jlj^>JI 5^£La I iSjjI liJLL&j 

(2) 
I a. i-^-'i 2<j >J| ^f 3 \l 1 1 i >.aj"~ .-,j^ ((J^KjjjjLlIaj) (jiLail jjLi-aJI 3->-jJ 

l_La>J ^j ul J ^M j"^'" CjLvjjJI (j^_J>La ^^1 ^J ' ^" I x_aJ^J A^?e_u1 ^S1^_a iJ ^ 

(Ji-JJ (jLi ujjJij JJlju (jl I ijlr (oj . L^jVLv L-klc] ^^ «3jU,l)) ASjs>- (jjSj 

^yX^jJaLLill JLsJJ l$j% Jai-iaJlj i , '"'"^ (JjJJ^^jji-'^l |_£j2JI (jl un-»JI ^ 

. Snj'ull 3^UI <i£^->. 7-L*^- 7=_iSL! 

..(jlSJklj (j-ajJI /j a j J a a 7*-°-^ tj- 0_9^"-" «L<jiIj.} ^ j I U~~ La I i*ajl liJLLdij 

4 j i ii ilu (j-ajJI-S . . «U I * a j J a a (j£. ' flJoJe^a (jjSLII (_j-3 i>Jl»-j (j^jjl a j j a a (jl 

LjjS JiJSj . Jl>-Ij oL>ul (_g!i c-jl iSia-J j*"< ■ .. «j j-iIoLvj (_^3La (jij jljilal LJ 

* ( _ T ji i_P>-9 . .<iSj^>JI (_5-i*J CjJl^JIj . .4juLXLo CjljL»-i i_*-<3^3 (j-« f J J a II I Jui 

4£,j-ui (jl ^_L«_a-i 1^-4X. (J^lo 2 1 ^_A «o^>- p^j_u 2 1j . . 4_«_a *^-t-«j (J-a^e-i ilij-zelo 
. . («LLo J?&\ ".'.') ^Ja3" , -^> ::;e -^ "-^ 4 i i nilu I _n i ii t UuIaJ "iJ-aj i_r* J ?° *^>* - 
' . JLJI CjJl>- (_j^I J-ic j m jj (j-ojJI (jl I a-p t_jLlSJI I JLd> (^ i^jLSJ! (_Jj_ujij 
«CL3^Lcj (j-ojJJ 4 1 1 nilLi ^ a j j a a ( _ T 3 j_uu j! I i^ajl «>ll Lt^J .•SSjjxmjM 
oljj Jl^vIj CjJl^v CjJl^*- lil ^LL«J,I I ' a j j a a ni n-r^ -j^>-\ Ijjjjij 4ijj>Ju 
(jij^ljJi.l Jl^-I ^L^ jl (_>a>3 >I u^3 i Jl>-Ij (jT (^ ^^i L44JL9 (jl i^iV mi 
(j\j^ljj,l 4j^j (jLa 4Jl£La ^^3 lIxjIj jji-VI (-jjsljjj Lx-Lu 5>fJ^ 5x.j 1 11 J liJj^tlj 
(j n'C < II j .iJj^jJI ^j ■■ a j (_^ ^Lj^ "^ l5' .4jSIj1a OJ^ "^ Jl-3-1 ail Cjjjtil 
«Lcj_tuJ j j 1 n_t (_jJ3lj_a LuiljJ Jl>-Ij Cj^j ( _ t 3 (JuJl*. CjJL>- ^1 jl ■ ■ 7r_L.-ie.GO 

_JL_xJ (jl _lLaJ V L_l Qi^-" 5j-IjJ (_— a __oL__3 ( _ 7 ~!l <— jLjj- — _j| (j-aj 
(jl x__iL__II j < j II (_— I— . 1 mI^j •• — -J-iLc (_. — L »- I j ,^.~.^t «GjLo (ja 3-ujtj 

(Jj__aJlj ( I 3 la * rt (__3 5j__iLua^_i_.) «u^l (j^ «U_>^1____1 )t_u____ Lu » 1_J 
t___>^ll_1 ___i_1 1 C jm <<tj_J1 (j^ (_^_g— )_« (j— ^» > (jl 1 ul— (jl L4S . Lu «L>-LU,I 
^^iisljll^l ( _ T iisL : Jj r-i^aj «Lu SJjUtxj 3jjI/LJ,I j_lc SJj^I aJJt jj^jlj Jl>.| (j^ 
Ur x^[jjS\ ^U;1I Jmliii'tl 3juLUj tilljj aIj^v^I ojui «LlLc (jjSi(jl (jSUj U 

>jj^ul Caj»o 4j^x« =L^jj 273-*_Lu (2) 
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. Lil 3jijjJ,l ill Laj Lii, I a j ^IjUlt 

(jij (_£jJa_iJI ^^e-UI I j_<fc (_,JI j*3jJ! 4j*jj (oiaJI (jl ^JJ <j! 1 nlf (jl J^- 
Cj^Lv j<u ..^^jiauj <_i^L-ul_ij yj-^- 1 ^ JJ ' "ill ( _ T 3 «GjjJoj (_jJ! Jj^ajj (j\~ mi mI 

A^J?E_) (jl (J_^_taijl (j_« (^-"tJ-I '*" i<J ^! * "^ L« *Lst_LsD JoJjJ 4_LULiII * JjLstlLlI 

(jl i^JJ-u L4J-0 ' ; ' I la-i 2 Axaladl «Ljj^3^flJlj . .q^\jIl£\j (j-UiitJ j-oVI (jl_i 4J-U 
3Jlj_ul3 cU_Ltf3j_<al I 3 a> j la ^SL^-i 2>j 4 L$_il^J dx^o ^j 1 ^ u 3 S J ge q 1 Ala to 1 1 u dj 

3 Jj Jl>- jjfcl^li Cjj^ia I jl jl L#j ^ 2 1 »~ a 3j_AUi ( JS aj . .."1 j-^c CjJjjcx. lil VI 

. L^ t ■ ■!.-■" * 1 w" ■ ,o z/ 
3j_ls3l_*_« CjL»_)i (j_« lO"?- 1 Lt~^ ^"^ * i " * (jl ^J^l'l ^j-* ^-*l ^, 2 Ufl 

/<s_Lc j? dJLLLII) hjLulJ^I 4 otVi jsi^. Jjl ^ySj ((jjSLII) pjjlsj^ ajJsI J_^»- 

^^3 j ^" aj 43jul 3 Juiuj 43ju»-j "ln< fri (_ji^- fj-i^sjJll (jl «LcaLitJj . . . ((jj£JI 

.«Ua .J* ua-i^aiejXI tUJjJI ^1 (^j-JI fJL»JI 

i_JLjJI ^LuJkVI I j It j ■ ilOJ (jl LuSLx-l Vj .(jjSLII plr CjUej'i/ 4-ajii"it,l JjjJI 

. j_ui Jl>- (_jJI (_£_j-l»-j aL& pjjlojj,! (jl j-J-iu 
Cj La j LtX I jLajLi! 3JL»- J <j uu i4_caiitj (^^jJI ijaiaJI (jl 1 tU-^al (jl 1— t--v|j 
(jl «L^-j jj ^_j_tS j JlJLij 5^_j_aS «Lc^_cuJ CjJlxj 4-LftLdl (—2^ i mS 11 (jl (^^Jjlx-i 

4 j I <11 (jjjUL>JI (j-o 4_j£ (*,a-ul J ' ' ^ „' lS 1 -*-" <— iljSJI (jl ' la ae u pUII jt-jXtll 
4jnlr (^SLS^v (j^. 1 a l!uSj (_, it 11 i±4--^-l! I (jl jjfc i ^ij 1 ntlj .«LflJui joj Lx-a J^l 

I j*<* jjj U, S^jLjLo ojui (jjSi LiLp-lj 2 <~ I . U U <_jLjSLII ^1 jlcI ^Lul SjjJijv 

(_, I r t_iLl^ (_,JI Ijjls-^j VI (_jlr (jjj^sjjaj *Lxi«JI J^>J I j-lj .i_jLjSLII (_y3 

.(j-G_u_u (j_a J^&< «Q£.LlLd (ji^. fj '^ rt 
J^ ^^ (j>Slj V Jl-3 cjLjSLII I JL& ^ .-.I ^jl.tla-ljjU" ^ VLJI jjl^ U,j 

.* jLiSJI » ila (_^>- (cLtJi <V_4_JI (J-t-^J L-* ^>-' Ly*k Lx-ilj «L^_l2j>J1 

jLa_iJl (j_o 3JL>J| oJl^J (jlajjilj j»^J-«JI pj>^ J^ Cr^i^-" dJIrill f<s-l^.J 
JjJoJI joiaJI I Juk (j-o Ij-^JJ '*j^" O^ < *rt^ 2JL>JI i>J-A 3Jl>- JJ_^JJ CjLaal*il 
I 3^'^ ^J ij ' aa ^ 1 1 (jSLal (_ 7 ^-Ii Cj Laj U 1,1 (_ T 1^. 4 ^J-'-»- a ^ J '^HjJ ?7-^'- c - 1 (J-* • ^ '" rt 
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u& Luj^v JS VI (_,lr JjJtJ La oj^-" \'^-& (j-c LliLo^mi (j-o »l oUll ' a iSuSli 
. «LLo tj^>J j I o^^ ojJjjI (_gJJI ( _ 3 jIoL^JI r-ij^JJI 

i_iLlSL!l I JJt j<uJl2j ^1 LulSJj LLoLijjil jLiLS Ij^Lo fj-i^jJ,! (jL? Jui3 
.(jj£LII plr jl diiill plr ^^ >j* laHtJj, I (j-o I 'mil (j-stjj • • "^J-*-" *l>^ ct^! 

(_, I r flj • ua-l J_j_Jui (jl t_<^>-l L*5 iQ^SLlI (<s_Lc. (^ 3ibJL>JI CjUtj'i/l *-jjj 

Lo L<fcjL_LJi_i3 «Luil (_y3 j^cl ci^JS La lj_uSLa ...^s>-j3^ <_ ££ Lt, ( _ T it>-lj-a 

tiJJjJ^ J>L>- (j^J .. L^-lS (^i-! CjIj_l*j 4_Lo t_JJal ^ I jla 3p£ JutJ(".jlU 

4_^cjj^3j^j 5) S, a II (^jii^Lbj 4jI^jJ j_ijtjj V »l oUII cjLoj-aj LlUcTlq Ij^jj^s 

.3* Lb 4jolr 7"jijJ JuiiJI (_Ll2jjj iJij^soj 

..4^ini Vj VL^ (^jj V Ijufc L)ji4>. ^ Lul j£J| 0^>=-j^ LoLo-j 

La (_>>-J • LuL>- L^>-^Luol Luu n^J (j-oJ-I 3>J^ * JLLa t«LajL^J (jj*_)J-«LiJ3 t_^-lj 

pjjiaj^j (jJ^jlII i^jLill did. ALti&VI j-jjj 3-ajJjj t_iuSL!l IjuiQ^Sj j|4_l*j-U 

.(jlt'idU <tillj .. I^K SLpJI J^STllu^j 4Js}Lc. (_5J aL* 

..ajjcJJI jj_a 3_L)l_<k ^1 J^ci 4j£ J^*-JJ ••(^SL^jV .. (_£JlJ! J-=tJ ...(jj£LII 

..^IjSJIj 

. . .ijia-J • • J^L»- /_i ijjj^tli (Jji.'i/lj . . < _i^ Mill <icj-<-u «U I j i2a*j 
. . . j j t-> 1 1, 1 j-±£- • • i_£3l*Jl /ojL*JI I Jufc ^1 (J^i- jJl (j-o (jS-<uJ (_yl>-J 

..j^J-lS (j-* 4J9Jl^-£U (jS-1 (Q-I La (JSJ . . y i u-U (_^>- ■ *'j^^ -»r" ^ * (j| ( t^e_j 

...^Jjl «i i nil aIj^-^I (j-° "^Cj-lLoj 4_JLji- CjLcjjiJ^a ..4ijLi ^ljx.1 

..SLiijSLtl 3^ljjU «d jjjo. V pLujI 

..4_u^3j'i/| LijLp. (_^ L(J 43^im CjLaLcuilj CjLcj I nil /. I ni't (jl I— I^CJ 

(jjiLiil CjI Jl>-^£.. L^Ji LJjLxx.Li (_^>-j Lijljjjjij .. LujIjUj ^ au (jl I nlr 

..(j^jJIj 4Cj-tuJI 

..(jjSJI j-x^. 3-*j .. aLc (j^ji-o i—32l 5j uic SJVjb jSJli (jl t_ trcj 
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..J-&LJI (j .10 ui\\ pi < ni\ (jltli o' LJj^s'^ T o ' ""' (jl 1 nlf 
. . (JLla 2 1 ^yQ (j-U^L^j l_t£. Jjljj . . (jjJLLa (C^>o ^ ajJaJ jt 

..3JjL^JI r j ■ <a J I 5x.j i rii j^j (jl LijlSLal ^Ir 

4_«_Lj (oJ i_£JJ! (_£jJi,1 (jJI (Jxall ..^IVi'mj ..j^Lcujj ..j^tjj (jl Ijjjlr 

• •(_La3 (j-o 4jj ,"i,i\\ (j-mJ! 

I j_u JLjj-i^. LiJLa . . jjo^. >Li (jila-y o^ ^J^P^ • • LiSjinJ liT<m liLa 

djlr (j I La '» (_gjJI .. 3x.j^JI iJLj . xjIjJI ..p i n->J,l Jfl miU £yt f-J^d jj i a3 (_y3 

aj^cJJI (j-\_i 4_4-jI_& ^^JljLLj J J j T i Lj '"'^J j ' " *"' Lr^ Lilio ' i J "J 

. . «Q^.j)jj . . (j^SJI ^ o lag (j-* * 1 3 f ' * ^ ' O*- 4 - 1 ^' *3-^ Ci>i ^Jljjj 1 Ju& (_p 

.. cl <i r ntl (jJ! » Ltaj I oK . .SjfltVI Sjjiill (J7 j\ i n'tVI Jiitll *-i^lxjj 

..(J^lSjJ,! (jj i imttj a Ua-Ll I dJJjd ..(jLxjIj . .pj i"i->. (_y3 LaLxJ p 1 1 m~( i njlj 

. . 3 jJL>. 4_<iSL»-j . . 3j>J3 (_y3 l_LtJl i La _■ j~ (_yl!! j!j-<-u^Uj 
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(I)JS^, 



4jj mmII TtJjLijI (_ji»- i JjJlJo ;a U i-l L^jIJl»-I (^j^soj 
5) j i *•» 3 4-&J-J Jljlj-4J^I3 (j-o Lll jJ-jJ La ( _ T 1^.-L^ii 
CjI Jlxjjj/2 /, aS3 jLCi V i^jSLII (j-ajJI (j-u-uLsLo (j-o 
.SjJLiJI 2 lo2J\ dJUj (^ Ja^tla jjju (_gl 
j|j_ <j ,'^1_i ^^yLo Jii-»- Cosmology OJ-S--II C-^J 

(j_« 4_Ll Q^S II (J_4_tuj ti^se-l (JLse_« J-Aj '^ L^a rt ' *JI 

("UJ-lII (jLuiJV! • 1 taj LoJlJ^: CLu\£ 3jI Jul! ullj JjJj 
4us!^jj (_£_>i " l_r°L<J I J-JJ 4-iiiAJiJ ^Ll! »l o i nil ^jJ! 

(jL? i3jL£L!I ^LuJVI fj^=zj jl Jj^j .3JLJ jju 4±<J 

(jl J-l3j t<bjl onill aIj^v^I ^yk: »l ouiVt (jilal Jl3 
(j 'i o '" i ll ' <j o ■ " j j j '^it (j-Laj! (jLxjVI 3-cjj <-2jjtj 

^LoJlSj (JjjLLJI 4^3 La till jj J g i'iij (jn 1 1 nil <_2VL) 
4 jS I 3 j_&!j_k> <". l-a- i n jLiI (j-o f^J^-3 Q\jJ "*^ 
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/n i m^ jJia 4jLi2jJI tUSLLaJI jLc^aj^l (j-° (_>uLui! (_,i^. ut Jjj mi" (<u jl i«LLl*-o 
l_gjjl LlaJS^JI tjjiiejlj i Jj La^ Sj^Ij (_jJI 3_j£.ljjJI - j" 1 1 a sLojJill (jj^; ' a ^ 
dJLtil 3jI Jj »l o i nil Jjj-" 1 Cr^ (j 1 -*- ^3-° (_j-^ «LuLo-<JI (_gj < i"ill («^>o «U3 (JJ^J 
(jLia_<-3 CjJsj i—iljjjsl dJJj (_j_L»_a (jL£ i/o^cJjl I jui j J Laj LoJojlS .2 i i n tl 
JljL«_o I fl-La» I J-J I j 1 J *jl (JLu>JI (jial^J C^j*-i ^1 IjJujX. ja^J! LoS 'Jj-iJI 
(j .10 Mill pi < A ■ Uj 2 i "^ i3_iSLi3 LLaj^-Ju I j" -> "'J I j"j I i C q^& Ijjiiejl <(j^l J-aj 
4 1 1 nil (j-a ajj (^ <j-<-»-o f"^- 1 J>4^ jl ii^Sseji CjLsjI fj^ {j^jZXl 4$ty (_yl£. 

(_^-&j Zodiac r-j^-jJ! <LSJa-La (ji_j_«JLi 3_l$SJ"I aLs ^j'iM j j i a » 1 I j_Loj 

(I J J I nil) (j no Mitlj i Lul.} i_A|jSJIj ) »Hl Ij (j no Mill «U£ J->->J m£ JJI 3 ^'H 

IJL&j lEcliptic r-J>-J-II 3j-jI.J ^ o mj cLa a. 1 r jl La ' H I j_& i_aj-alia ^S 
Signs of Zodiac L>-j-j j i 'iif ^j-cjI (_yJI -i • ""jj I^K »l o i nil J^*- i iub jl tail! 

•» La i " a (_p3j2l (jl (JJ_/J IjjLS jJi3 CjIj^IIj dJL-v.} (j-u Lo-i3 SLcjJI Lol 

-i ,>.Atij tusiiii tuiii ^^oi^pj Cxjli jiia -i j i "j3j 3-5^ *- a ' 'i3^ *' *'jj cy*^y 

Cjjiiejl JJ3 AjjaJjl (_paju CjLcjjjj*-o (jl -" j"'^"- " r&^J Cjjjj-o JJSj .(^jL^J^UI 
J^v jjJj a^jc-lII (jl Ij'jj i l«^Ua <i^La? Jj2j (_g JJI^ Bootes (^IjJI JSL<i 
j_l^^I 'I j i^aJI (jij i3x.Lj (jj^ M.r j «_ijl ,_jjuo (^ Polaris ^ j U^tl /sjaJJI 
t_^lj£LII Lol ..t_ijJLll (_y3 | - r »J-«J (j' l)^ *l o ' nil f j Jjj 3j "'^ i3-° 3j "'J Orion 

SJI^v LoLlC.1 LljL? Jii£-lJj^^JI lilli (_y3 4£jjJLA LljL?(_ T lI|- ( j^OJ>JI 5jl J I nil 

.(JL>- (jl^. CxjUj 3jj_i-i3 l_^J (j_u_jjj iA^j?E_ul (j-u r*' la ' * * )J3 

' " 'J ' a a ii-dlnJI joi^. l_cjS L4I0J OJiia «LaJLaJI (_jjS (j^ j_uSJI (jl t_^Jj V 

(_ T lUI <— <Tl^JI j j iSilj .j-lLdLu'^Ij cjLjISL>JI (j^-La (j^. LlJI J '^" /(uijlSLal 

Lijjil^ till j (_LlS Lalj '((T-La mjj.1) mj ' "II (j^j-ojlLaj i_jLo (_yjfc LLJJ dJ-i-aj 
d^^i , ,,l^!l (j^La^Lsl *ljl j (j_u_jjl_La^La_i_uji «Lc^j_uj_a 
/si^. (_y3 I j K~i (jj jJI cLiij/^Lall (j^ i_3jjlj (j^ ijjljl (j-« (j-^JLLa jjjjuj 
1 J^LjJLI (_Lt3 585 aLc CjJo. mJJJI jiio uJI i-Sjj^iSj Jj-uJI S-^^ ^'j tiiliill 
(j_a l*j^>- tfJl^-^3 Angular Diameter (_gjljJI jno mi II j U"» (J^LlSj aLs Lo^ 
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r'i ■ v-> a Lcu^S ■ S La I I nxl£ 

>& -lSIjJI «UiII j^c «Ljj^c CjLjj ta-Li-jj .Ml u j^Lm-o-jJiJi oj i uSul *L>-J 
(Jjitj^ 1 I g-flla- <L*j»-Ql,l jLJI I J '■" (_£_>3 <-;-ij-2j 4_j3 LJj-o I o i ii-v LaI^>j (j^^ 
"O "^ laala i u\l Jj la i a (jyk 2iiIl« JlvLuj t 3 ^lij jhq ( "i)1j a^?e_J1 L^ji ^^IjJU 
(j 11 i"i 1 1 (J_iL2_o j 1 all (j! . (jloj'j I 4jj^£ < ^ j '-^S ** j? &• ( _ T 3-(j^is^L3l J j oil 
JlilJj i(_>^=jVl Jli ^ £j!i <JJj ^^k: *Lb *}UiVLa l(JT KJI e^cuiJI Jl^ 
(JS i"ill Cjli ^^ji (jil (^jlajaLa ijJjJI «_u3j-a (jl£ I 13 a 3_yj J" 1 n a <isLv Lajl J 

•^dLS^ L^t^f^a^l 

JlSJ (^Jji-'ifl j^C uL«J, •Xlfi AOJS^JI (_>^UtJ (j! (a^jkLpjl ^j£.jjuui\ JiJSj 1 „ .' 

«Qjji ^l dlli (_,i^. *Lb A^till I J 1 n a j . LSj^J LLcaj (JjO^I oJufc I J a 1 aj 
CjI jj Jj^l j^^' <j-° »1 i "i H f^J^N f-M ' ^"^" (<uj iMagnitudes jlj^sl 
jJlJLII (j_o dJJi (j-c L^_il_*J, (J-ij cj-'-l'j cy 1 "-" J iJl ^' (1)-° ' "j" 1 ^ (jU olll 
ijj-j jLSLj V (_yj.II a^cJJI cujul£>j Jjjl>JI (2h° ji>V! i ajUtt (^j i<±Jli!l 

.(jj/jLuJI jJli!l (__r3 3j>J^>J,l (jUlJLl 

sLJL«J, (_, I r Ij^j-i-^ JljCL*j V i5_j^ mijII _ju<JI o'jJ L«£ i/ajaJJI q\jl1 q\ 

(juii! 4 1 1 nilLi («^tlll (jljiJi, j I jJLoj 1 Li^. ojulj (__rl^. J^w-»j La jJ-2j /j JLuigJI 

(_£JJI pi ■» Ml jl_Li£:VI (jji JL»-L iJUfcJ i^jjfcliaJ! jJl2JLi <i i nj S.ij^J.1 

/yS-iSjJI 4JL«J, (j-uJ-!j * US a r«^=J-!1 '^!k■ j j loj 
(j-a Jjl jji (^M-d! Jj^ 150 j»L:) (j^^jL^^jhOJ^V' (j^l^tt (jl^ JlSj 
1 000 (j_a ji^l -1 ijaj ' aJu.Q^a (__r^ 'f x 3 :: ?^ Sj^jiLliiJI jl J^'iil r<u 1 ilSj (JjL>- 
^jJIjv jlj^al ^ -I j 2 a Jl^j (Jj^i' J' Jl ^' C 5 ^ f-^^ U"J'Sj .'- A JlsbjI '(<^>o 
(JL>-^I (OJ (__^>- 1 1 JljLxj (jULxJJI r<u 1 ""' /yfl a UaJLl I I JLA (j^JJ jjjjJLjJI jJLaJI 
(jSL<tLJ i4_ujLcuj>JI Sjjjufo «U£ljX.j3j)^JI t-I^J^Ij I Jl>- 4jji!l tUSdAll j-JiLiil 

. (_^J^ iSudlj tiJliJI jJiill (__rJ1 
j^ 1 uJlu /c^1« «ujL5e_a i _- r ^ »l i nil ^jj>-\ 3j^t-o JjjjX. 21 »1 olr LuaJl /cjjjjj 

(j-SLLflJI Lg-La-SI (__r^-H ' ^JlJ ' ^ 'I "Jtjk Ct--^.lJ3 j i J 4jjl I nil aIj^-^I CJOJJ>0 

j! iPtolemaic ^..j^jIU. aliaj L^ji^. (j^'j '(^-^^r!- '40 Sim) (j^a-tllaj 

t3j S * a CjIjLolA ^-^ (^paj'il 1 (J^>- JjJ^ 3jM I nil i oljSjIj j ^ "j jmi i"ill 
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.(j-ojJI (j-° Li^JS I 6 SjjLi-u 2jj la.ll I eJJt i~A la j (J3^"-" ^~J-° Lr^ O^j"^' o'j 
. ( _ > l3j'^l Ij-C La I J La" 3-Jjl o i nil aIj^v^I liJjJtli (jjjjjijiLaJ a I la ' (_yJ3j 
ijjjjejj (_£ JJI jjl jJI LJliaJI ( _ r tb 3j_lLco 3jjI J (J^>- liJj^eJJ ^LILa J*J^-U i—aSaSLs 
S^o jjJj (_tSj 4_o-u 3j *"' ' "-' ^i>*'J 'O^J * ' uj 3 " J-*"' j' 1 -*- (_j-^ i '^ijl o^J -0 
Laf i( jisjVl J_o3- in njJ! jljdl jj£ JJJ^J Lajj 687 j ijj! jJ! liliill J_o3- 
(JS i"i_) (jLSj^e!U3-(j n o i"ill j ( _ > l3j2l (j^_i La (jL*J3^oJI (jLiSjSjl- IjUa^-J SjjijJI 
(jlaj^l (j^_J aj i ii^-a iU -^ (j-Lc (S-jLs I 1 J * " JSLI jjl jJI I'lliill ^J-*^ <J-*-l 
r-lj^jlj 3 ' i " (j-o (_L9I (_5-3 j-jl J-JI i'l I illl (J^>- JJJJ 1 (j ' a (J^J t(j no i"illj 
Lajti^. 2 j i n'Cr 3£j^v (jLjJjSLII liJj^ejj I Jl^Jj I jiil-»- stjjJI » ' i .3J (j-G^j>JI 

.(_H=J^I (j-a U4I J-^3J Mj^ 1 Cr^ L)L>3^} 
oL>ol !_^ Lajl iS^jjj-o Sj^jI J <_i!^LaI fjJs (jlSj "*•"'.;''* J -1 "^J (j no Mill Lai 

1 j i~ j <jl ^j"j o^UajJ (jSLal a UaJu I I J^j 1 L^li t_xil^£jl cjL&LsoV (_^u£L*-a 

<_^£LjjI 4_lSL!j i3j_j_lS 4-J3JlJ (_Jjj>-2| 4jjI 1 nil aIj^-^Ij i_jiljSLII «_»1dIj^j 

. (joSLII 3^>° (j-* O^J^' o' 'L^sl^H^Li I taj. 



.sLuojl V9 idiiaJI /oi^. ^ 2 1 tau ' a oL-ulj.5 3-lL*L>JI i-Jj-C (JjJ (jSj *sJ 

V CxjlS jjl—JuJI I JJt (J& (<l^jLaaJ_»_a (jl (Jj l4_L«l*J! Sj^V^I (jJjLul (_ t I^. '^-i-^ 

Ljsol JLjJljeJLI f. \j 3c L<aJ I (_y^ Aa^5t_i-IiJ jLii^ILjiVI (_y3 .*" j"'."*J (j^ ?T> : ' t ^ 
3-*-Likj (_,JI iaLxisVLj I JLA 1 L^LkL^a (_y3 1 d^t gll -1 J 1 '--j »~ (j-a La^i. /g-Aj_i 1 11 
(jLl^I (_yJI js^jlSJ Lx^a 'i_LjJJI (_5-3 js^aLp. aLal /n g 1 ii^aia-j «^L>JI (_y3 js^jLp- 

.S_lJL«jJI (_gj < iii I L^ L^J »l 1 11I jLii-lj (_^ljSLIIj a^^c-LII (^ (<uljJI j kill I 

(_£jjjJI jjilll i-dJ^i .j 1 nt - J &l r.'tV LiJls- SjjI 1 nil aIjp'^I ji£! J a^JI (j^i 
tU^lj^ j-iiuJ 3 MiifrjJI jLil 4J| La^ i3jLj_)-Ilj (jl LiaAllI (j^ «L^vji (_y3 -" Iqj ' 1 1 
(jj^ M.r j 4_uLaJ (_yJl^v J^ 1 Jj^l 4JlSLa ^1 4jJi^c.j js_jajll ij\j »l 1 nil ^Z 

.4JLaLS 4-i j I 1 n 3^1 J Lj-iis » la 2j Lajj 
1 1 1 n^i (jj^ Mir j 3_uLaJ (_yJI SjjIjJI L*iJj 3_lL*L>JI (_y3 i_jjj(JI p 1 n^i J^j 
^4^ ../OjjiS J^^^a Jl^oIjJJ jjjt^j La^ jl ^LaL? Lajj L^-La ^ ^ j-a-2JI iJ^J 
(jl*. «U£ C^ujJJ 4j)_La (_,_!! p^ji Jjill djlr (j^v LaK j^LuiLi «Uuif I JL4 ^ 



iJ 
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r'i ■ v-> a Loj.i3 ■ S La I I mJLc 

(j -i^ll JjLia) (<s-<-u! aLuS^I dJJj uic. \j7t\W\ Ijjj if-Lxall 
(j^dili Jjuj ,^M ...VI j jU,^-,^. Lj^j Li^t_jjj(JI JlJLc diliJI Jb. Jib 
(j_o j-ilSl fO-SL^sJI jaJLCJ di-L.uJj SjjJLsJI Cj Lvj" li 1 1 L^>-j^ *LiL>JI aLCL&I 
^ylc j Ir^l'l^l di!i jl VI lA^iaJLi LoL»l&l (_£J-ll J13 <i(jinii jL£ (jlj <(j>9 
(J^jjji Lul! I j<iSL>- 4jI JlJ JlJLoj . 3-J_j^ 2 1 SJjjJI ^ul CjJl>- Lti jcjj*_ll!Ij i_-JaJI 
,JJ SjJiJI jj-o 4 '^>j III dJJj CjJl^j tdjoUtl <_!jj(JI *i ■>» j ' ,_ia (J^Li j^Iaj ijj 
SjjLLo ^ t_*£lj J£ (_,!£. i4jJjJ 2jnlr 3jJ 4-ojjJI 3JLU1 Ci.-iti.Lca? jl <t>-j.5 

/a£L>JI (_yJj3 LoJljjls . L^jLSjIj I j~ . "Ij ' 4joUII oLajalj <~<ljjU~tl cjjl>-! 

^1 /oSbJI jJLo JiJJ (jl i^lj i(4j^^Llo 775-754) j ,j • a ' t 1 jrn-v _jjf 3jLlL>JI 
JlJS^o till jj jLli-La iCjIj^JI j^j ^Ir jLuVJ 3-yJ^o (j^a Vjj 3 JjJl>- <L«j^3lC 
i—i^tla «LjJI /- » i M j /j olr 3^>° J-°' ' JL V ^-*i^ Cuie-Li-a i ( _ 7 jJI j! jJu 3-yJ^o 

.^sjjII 

sLi_i ^^Jl ' " . fl^Ll I ■» i«U «Ll>-j /oiiJI >-L.-y.LuTu j j i a * 1 1 <LLlL>JI <-2^c Jl9j 
<t-JI cAo-oj l_«j) SjLaVJ jj* dlli ^1 J_<_i_ui]l jl£j 3±oLi 2_iolr 2 ua^j 
IjJLi-l (JJJJI »l o U 11 (j_o Ij^l£ bjLC dj^. f-*^3 njji.'i/l .-.Ijl ,^^tl 
(j_o jLij i4_<_«JL*JI 4_laJL>-'2| «_>-ljJi,l £yl /a^jjjl C^o «_2j La Ji jj^i^pj 
Jju Li^ i_!jj(JI «L3j^v (lIulAJLcuJI) 4 «i i ill I'lliill plr (^ aL* J-»-j-o l(jo iti 

/j I C J J I ii J LluIj_j_1 i«G_4^v^3 CjAJ (jl JjLJ Tcjj^al (_gjJI i(JlIAJ i i nil) ^1 

.(j^jJI (JA j^S ' '"^ ' Aio i_!jj(JI lLLLIII »l olr "^JlA 
Cjl_flJJ_o 4 i ii o ->■ tLajisJI yi jjfc (Jj : I Jl>-Ij uLjS (JjijJ (JlIAJ i i nil) j 
(jjjJI <_!jj(JI »l oUII (j^J i Ji(jll /-^ dJliill »l olr t_xj^ La (Jjljl (j-a SJLiuila 
l^gjJI (^jlj-flJI /o_j_Alj_il idi-Lill /oJjj Ijjiliklj (jLufc JLLcuJI) S^v^pj IjjjlS 
<ll m" nnl jl j -«- Jj! » I Laaj ALia Ju^sjJI 5j^>-Li 4jLl«JI ^1 I liajl «L>ol 

'.(_p3J_«JI 't— >.J Ll^jJI ?-l"i i"l I nV i_A|jSLIIj A^JcjJI pLflJjl Jjji^tll C_lJjJI 

J_«_«JI) t_iLi^ I j o a! 4_lSLLs cjLilJ^ 3jlc t_ ^ Li^ ' hXj ^^ — ^^ (_yJijaiJi,lj 
L^Jl (j\i-jJJ,l (_>-^»j I j *«* JLa (' .'^j^ ' "I) 2 ol^j (■" U , .. 1 ' ^V^ia • ..VI ' 

4_uujj sLoiS L^JI (jj|jj>-l ^^Jj i(uu ojLLJol) «LujijLiII «Loi£jl (jc Sioi-Lo 
(j-LIai 3 j o I r 3_l<sjJl^I »l mi'iI jljJb ^^3 *u nj^oLlI 3^jL>JI Lgc (_y3j 
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(_, I r IjjIj iiiii-AJ! si olr jl-^ (j-° J 1S13. <= L^ *_<ii»-lj 2 <LJ3 •> 2j'd'q Sj(j-vlj 
3j_o Jj 2 i-dJ jj iSj o"i i ii a cLaj^aj 4-iSlaJ I j_&l^2iJI i alljj jL^sjl Jj**- 1 n" 
(_yi (Jj- i n"j A julr 4-2jj_Lij JLi-Jj ^L-aj2 1 i_dJj clulSj niilAJI jol^. TtJju (_j-2 

^Ir 2_ujJ,I 4jLilj-a <J^-' (j-° ' -Slt| | jut <J_ilr (Jllat JJSj ii_u hL>JIj j_i(j lUI 
ijl j'tl sLul cJajJI JljJl^o SJLj^Js (Jiol (j-o Jj! «IJ! L<i£ 3j<lAtl CjLiI i n-»J| 
»l olr oJju (j^a ufcLuJ (_^i!l tLSj^iaJI (_ T JkJ iJ^S^I J^C- jmi i"ill pujjjl JU^sjj 
5-a-jJ >JI J j c ^^3 j j^j mi ( _ 7 SLl3 I l^jjI liJLuij . 2 A I ii 1 1 < j 1 1 ta 1 ^^ <_sjj«JI 

(j-3 ^JljLLI «G_LJ^5 pli (_£ jJI l^yjLc.J-flJI (j-J JlX^-I (JjjLjiJI ^j| jjfc (jj_aU.I 

Ld-LaJI /n I r (_,_£ I j » ' a j (_j-j-!I Sj_iiiSL!l cjLi!JJi,lj i L$j aLjs ( _ 7 jJI uIiLuIjjlII 

^1 rc^p (_£JJI i(aj^=-(JI jal^. «_ol^>-j 5-jjl o i nil CjISj^sJI) ulIS dj-oLjcJj 
' dlaJI plr CjLuIjJ I g_iAj2 CjJl^I^.1 (_jjJI 3-aL^J| «l^-IjJ,I JL>-I jIj^sj 3_jJjj^U| 

J Log (jjjjLJIj J Log (jjtoLiJI (j-UjJDI (_5-3 I-Jjljjl (_3-^ 

£>j JUjjJt^ 4_L1I Jlj£. ^1 JiLa i_jjj(JI diiill »l olr (j£, JjJjiJI *Vjji ^Ijj 
j^il^Ii /yi 4j^sUtjj (j-ul«j(JI (jJjij^sljJI 3-^1 (j-° O^ lS'- )l " '(j- 1 1-4^1 u < "J r 

.(_^ljSL!l olJl^pSlj i_aj i n-^JI 

(2ytSLLaJl jLjj Jl>-I i /- 3 ij ' a 1 1 j-*^- (2>J (J-»>->jI Ji-i£. (ji_tjiiKjl ^j| Liajij 
4_iLl^ dil ja JL^Ajj iaLoVI ^1 2_i<lnll 2 .^j'.tl 2LL*£. IjjlSJ (JJJJI ^o-«-!l 

2 SjSjJI ^L-aj'i/l (jjjLjj! (_,!£. ^UjIsj (^ jJI (2^LiliLll t_c^lj£LII jj-i-o) j-L^iJI 

Cj Lcjjijsj, I (_ji£. I 3 * jjj" («J L^-J L«J, j I Jiia (jjj Lj^J i 4 a U *- 1 1 a^clI I )«-^3 1 J-l 
I ^ '^** J 4 1 1 n ilu L^_a^>o x-Lislj-a I ) J ' ^* g 4^.^4J?e_a (JSJ (3^-^ f^-^J cr^ ^ajre-'Jl 
Lfcgl o i nl jl a^clII dJJj j»LJ3jl A-i^i C^jjI /yLLua flj (JjJl>- dl!i ^ijj 1(_)AjlxjI 

i aJgJEja l j H a I felc Laljj>.i (_jjJI ojIj-oji /J-JlIJ S jj '^ Cr'! W t — LXj"""'^ c?-^' 

jjiSlII i_aLcbi jJi£ i^jJj^lJI (jUeJ^JI ^j| i_3j^jlII ^"Cliill /oJUJI Lai u>^v^JI 
• (l$A3* ' "^ Ui J '-^0 4jLq ( _ t 3 4-iSlflJ I 4jLoyljLA tj/js 

p in-v) (J5SLII jl t_Jj-«-II liiLaJI »l \r J if, JIjLJI ^L2l£:VI jl^ Jl^J 
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r'i ■ v-> a Lojajj ■ S La I I nxl£ 

( _ T 3 CjLoLvuJI ojui (J^>- Loj "^S^- (_r& <j£Lj/ tLuajtj i4_uil^>- (_j-i oLlLo iSjlJ^ 
«L^_l^>- ^_A (_£ jJI i la i uaJl (J^>- 4_ulS_a 5j-t J" i u a Cj1^j>- t-il^^tlLa ^4^ tAJsl^lDl 
SjiielLo (SjLa) l j r c SjL^. f-> i^anJI (jl till jj (jj JU^aJLj i(jijj I ^ij-oj Jii 1 nil 

L&iJsL Lo-Lu n-i!jjejj V (3^L<-u S^SLII ojui (j-o (_yli.ljJI *j^>Jlj 1 Ljj^ ^'C 1S1 

t^yzijj] Lo-Llj *^-^- 1 (jL£_« (^j 4_ilS_a (j_« t-fj^tjj (jl (jj-i ^ ' '"^ ' U^-*" Jj^ 
g I 1 C (jLjJ . (jj-Sjl ^^_a ^_ r l^. Lfc^^_« J) ' * ' L ^!- ?e - J Jfl 1 uQJl ^^ 3^>-^_a 

<j£LuJI *j^>JI Lsl .til! Jul 3ijjj(I! SjjjjiJ! i_c£Ij£LIIj A>5till 4-l3 Jl»-jj La 

CjLi1>- (^Lu u^l <jlj^eIiX\ ij->*}\ Ijo 1 11 ^j 1 da 1 uaJI (_y3 (^^j^l (_ji^. (_gjTue-L3 
Lai 1 Lifc^jjL>- ( _ T 3 ijjjjtjj «USjj LVjjLtjj 2 Lj-Lo «LflLaj i_AjS (_p (_^alasJ 

.Ajja-JI (_,lr (^jIjso (_ 7 jJI ^ j' a 4_LoliJI S^SLII 
UJl>-^J ((J^-j (_j-IJ j q-SJI (j-o) 4* J 1 nil i_xSIjSJLj aj 1 ni La ^1 LjJaJ jjj 

(_^ljSLII lr jjlUi l*II JJj 1 Ljlau "j (_y3 «_23-LSj£ Lkjijjacl jjs j-(j no lLII (jl 
(jUal L«_Lj_i t^iluJI t_^ljSL!l (S^aJJIj \jIU^j j alll) ^lLs-IjJI 5ii>LiJI 

Lj-g. Li oj 1 (jl j_a i«g_iLl!I i_i£ljSL!L ajj*_<JI «Llo_cu3 (_y3 < m i nil *s>-j^j 

^gj->-z\ i—iSljSil Ls_Lu iaL^I jJj_<ij j^jJjJ V CjJU I ilaju I J 1 ia « • I 4 j 1 n ilu 
(_yi j<s_aj ■ a j_-^_'lU A 1 1 nilL jl I JajtJ I J 1 ia » j I 4 1 1 nilu *Ijjj< 4ju^jj/ CjLSj^v 
tjjn j~ 1 11L9 1 LjSjS a^jclLI A j 1 11 ilu ijJjjelLa jjt La Ji lj^_Qcl AJ 1 ..^~tl | JL& 
(J_JjJL «Ijjj/ .- ' i^aaJI (_y3 Ljjij^v Ij 1 11 n I j («J (a^J^f (_p=j^il <_<ijS L*lli (j^ 
(_jJLc l_j£ljSLII <icjJlJ*-a /-^ < Q-SJ la (j no i~ill l^l>- Jl Lo-Lu i(_j oUII jl (_, 1 n^l 

Constellation (3_iSj£LII) ^ ml aj^cJJI Icjjij^o (_,!£. <-;-ij-«JI iji^ 3 ' ^J 
cijl ij 3-^-L^ jJIj ^yjLsJIj >j^^I t-jjJI 3-jS^j jJuus^\ cjjJI 3j^j^ Jlo 

.jJI ..^ylll 

jLl!L>-I (j_a * jj_jlj1 dJLLiJl »l olr x_i_4-i rcJ tCjLojS (^1 a^j?e_u1 ^^ 1 "^"j 

»l 1 nal jiaju '"• Lqjjl Ji^j i»l 1 nil (_ T 3 uul a^jcJJI ^iS2 4j-oL>- »i 1 ul 
j_l^L>JI Cj^^JI (_^>- (_,-* LiS 4-a JlJ-"i 1 n a I'.lpij sLLiJcval CjLiill (_jJI 4_uj_»J! 
J^JLllj Fom Al Hout Cj^>JI jaij Betelguese *lj^>JI ilajlj Altair jjLLiJI Jiu 
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el^jjwJI i_.jnjjlg Od^~" 

U-u-J^j (j_i (j_«^vjj| JU-c jj_i t u oULl!l j ir-ull ^yaj Rigel J^vjJIj Algol 
(j .I o i"i II i— a j i nS (jjijjj (jjl Jl-i-^j J^j OJJJ3 "^ I (2yuSoAJl Jl>-LS |_g ) ■ ^ 1 1 

JjJlIJI p^pi-l (_£ j-ll Liiajf jjij iSjJ^Llo 978 aLc SjjiLaJI ^'"j »S]| i_3j i na.j 
4jli" i"il i_jjLv (jJLa-^^Jjj^ill La I . (jjjja 3jju ^jJLlILv t _3 .' ' " ^ UJ^J liLLbj 
1_£j-Lc ^^Jl (jj^LJI /n i n °>j tillaJI plr (_y3 I fl-JuJb Lj-l«-o (jL? ) *' a -r Lua£]b 
CjIjI J^oj TTJ^HJ t T"'j^ (j-° *' o ' "ILi (j I »"_) La (JS (_gjl«JLi (_5-i^. J^9j i^lrii nj 

(J^"< I 'lUj TC-^JuJ 3j-AjJ1 i S\^ (j£. CjjLXJ Ll£ 'J Q-AJ la jilil Mlllj Cjl^?t_«J 

. .1 , ,.llj j .^.^ jjjjLtuJI (jj-SJI (^ IjjiLc nj^jjjijji dJia i\ olr «L»j_)I (jSLx-i 

. (jjSJl ^S^_« (_paj2l (j2 4JjLaj1 ^j uj o j 1 la > 3^S_3 j^^-ajjjij (j fl i '"■*" 

^SjjM-lo 1543-1473) (J^^SLlJjjj^ V^Lo ^^SLLiJI t_J^ 1543 2_L^ ^^ 

t(4jjl o i nil jsLi>VI o'jJ-O ^^Ct^ J^ D^- 3 " ' . ' "** (_jlf Li-ulj Sj^iijJI ojui 
j_iL-u JOu (jl (j-o (jS-<u3 u^>- '«(_ 3 -"' (_pJ l^£j-o (JjSj (jl "-j-^cJ (j no '" i l l (jl 
(jLwIj j_<L>o VI dJlill si olr t_y3JLi ^j^- LoJLicj . ^j JaJb ajLu-uJI <_*SljSL!l 

I tSl^Sjl *_L*d1j_« 1^ I I n-VJ i^jjj^SLjJ^J^S Cj I j i r^jJ3 la £ '" * * (ji t^yZ>L>* (JS |"| i 

Copernical ^j -j^ j 'j .'j*" " I la "' (j! 4jJU-»-II <Lp-LiJI (j-o IjJl»-j d "'Jj ^"' qI<* *Lb 
i4J3.i j-i-^l CjIJ j i* ^yJajLJJ 'jj"J i^^ ,' j» I k '* (j-« LaljLsr" < "1 J<ji ul System 

CjLSj^v (_S ?-P^ Sjlj I nil l_xilj£LII (jl I Laj. ( _ > ^3_p£l Ju3 jjjijSLujJjS (ji (0-C.J-J 

. LaLx-i Sj^jIj Cjljljuo 
CjLuLlSj SJljJlC i_jjLjtlI xjiaitj (jl t_*^=J 4j«ilr Sj^iiu (_p (ji Cjj^-j 
j<sJ 1 1 543 (»Lc (_5-3 (_5-3jj LoJti^. (jjjjSLjjjjji (ji VI ijlj o"u nu 3j-;U^ jLi^ojl 

Ijufc f-«J nilljj 3_oj^UI iij"l (j-o Vjj IjLcoj (JJj iSi^j A <j i ii (_Jj-<-o <-^J>y 
jj^£ Jl^Jj . I J 2 _■ ui LxjO tc_l^jIj 1j5.il (j ii o i"ill 4j^£^a (jx. 4jj^Iij CjjLCs 

Ijjj i^jJj (jl (5j-5>^!-a 1 601 -1 54 1) ^Ijj^jLj^j-^IjJ! u <lAtl JUg.V 

p Je i ii i~ 5-Ljua-se •"■ ' (_j_aIj_i jjj Jl^3 (jjijSjjjjji 4j^iij "-liLul (_,-3 L^j^- 
(_jJLc (_ 7 £^«jI J (J T JJ-i (jjl (jLS Jua3 4-jSLaJI jL^aj^l -" J la " «_o Lojjj LoLajjijI 
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r'i ■ v-> a Loj.i3 ■ S La I I nxl£ 

(sJLc u^l ( _ T jilj_i ^ejLLi Cj^Lv i4jj^J>JI CjI Jl>-2| (j-° ^1 ml mi CjjJl*. Ju9j 
^.3 j_j|_3 (j .1 o mi It LljJjs. Laj i m*? mJIj "j i** (j-o j Mif 3iiJLjJI /. aa ii dlflJI 
i ( La jjjjjjji) (O^tit ^ijui IjLjcjiil »l o i nil (_i3 Mjlj £)l *^'J ***■* • w p"^' 3t— LjT ^'""' 
(jjO («^=-iJl ljui Jju (j u-lSj Jl>.L3 *4jj Mijtl 3Ll>- ( _ t 3 \js>- J-iLJ CjJu>JI ljuij 
«Lu-ujLi$JI 4_L>-Lill (j-a uL23l ^^J^lj J~ ' ^.j^ a 3j^>-l (<V4-1^5 4JI L«S i(JJlA SJlC 

.cjLajal (j-o toJsj (_gi (^a L^oIjljejjj/I Jjjj-u cJj^' *>#■?■' *^' 3>^ '3jxI*JIj 

4 _i I r j I Ut 3_j^^|_La 1576 aLc (_j-3 IJlJj_3 lj_i^5j_o ^^-lilj-l (j-lj JiJSj 
a^jcJJI xuusl^js (Jj/LlSj 03-ijui-oj JL>-I JlSj i(»I o i nil sUila) oLulaj (r-jj-uljjj) 
4-oj^Ltl CjuLlJI (jm-oLv i4_a-u (jj) iSiC (_y^Lc ^J>J S^^ »l o i ntl ( _ T 3 i_x£ljSLtlj 
allajJI) 4-lLc (jllsl ciJu a I laJu (j-ojj ( _ T Jkl__>-> (j^J . «Lu Liiajij I aIj^-^I JLgojJ 

I JlJ* (jLSj l,_P=j2l Jj->- JJJ^ 4-C J_<J^>J, I OjLji (_L£ (jlj (J .1 Mitl J^>- jjJj 

(Jj^>- <_*Slj^Ltl JJJJ La-LuL^ '.(jj^i-VI (j-* "' t^'tl (j^j 5jj 1 n"t JjJLsJI ->! La-Lll 
«U^_kiJ i 1 i n-*. «L?sj_u1j «QjLJ (jlaj ^1 (jl 2l ijjjj^S-u^jjS iS'j * ' ' ""*• (J " ° '""' 

sl I r I j j I c jlj (jyj-tl <LjSllfll I ^^jilj-i ^itjLj CjL=cjI (jLa 1 I jui /<si.jjj 

. (jjj jSjjjjji *b^iij «L;ej-3 ct^- (JrjJjJ' S-aLal (_j^Lc CjJlcLji iQ^ivV 
J>j^x_a «Loj^UI 4-iSlaJI Qui 1 m-»J1 jjjLi ^^-AIj-i ^ieju Sj^Iij C^jlS Jl2J 
VIj i^Jl^LulI ( _ 3 _iiaLjj joJLc (_jJI li^vLstJ (jl£ aj (j-oj 4i>o (JjLIs V (JLii- 

Jl_j_^-^JI ^j^-^ .".ii (j\£j *L»_a t j^ j > Mi^tl cj\^ i Mill ( J_4x.j ^jLcojl jjs cii£.\-tJ3 
>_il Mitl i(l 630- 1 57 1) j I j< (jL&j^v jji Q^jtJI Ja «d Jlxj j! » - .U'.,.._> MjjJI 

i_j "<^=-J O^ LoJl-Lc «LSjLs 3jL$-o 4_lo Cjja Ji^j CjLu^su^JI jjjjjJj m, jJI 

(jl i-iijjlj o^Li-ojl aJlJ-"m ..La ^^jiljjJ ljL£.Lt^o j^j^ I Jlc.j ii_x^IjSL!I cjIjI j^a 

(jj£LII JlcIj^ (. 1 a 33 cluL^ L»^ iS^Lj 4j^jI^ i". i int Sjlj Mitl (_^lj£L)l CjIjI J^a 
(j.i Mitl (jlj Elliptical 2 j -a-_il_ilfrl jl (j^aSU » t^a ^^Jt Jj i^^ujSLujjj^ JlI^. 
j I *£ (J-ljIj^ (jja Qi- 1 ^ Jj' '■- ,LJ * O^J 'u^ 10 '-^' » In <?t I (_jJj>J l?^ 1 ^! (J-^ > ^ 

.^^.uiJI f LkJI ?S^ Jj)\ ^MiJI 
<_jii2j LoJlI^. I j""*j • " ' J ^>^ Sjlj 1 nil i_j£IjSL!I (jl ^^3 (_jJlJI (jjjLitl Lol 

L^jljl Juo ?lj^v| (_y3 I J~"* * 1 aJ 3JjL2J,U i(j no Mitl (j^ SjjLiia-Ljl L^jljljLa (_y3 
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.JHO ("ill (j^. 3j_L*_J1 

J^v jjJj i-T^J^ lS^ ^jj^-" o-°J f J-° o' £^lJi ^JjjLS fjJs j-L>^ J^j 

SJi^LjJI (j-^-lljJill OJLA (j-lJ x_<jj>JLij 1 1 J*'* oJju i_*Jl£La «_a t_-u iiLuJ jm i"iI1 
■ 4-jjl o i nil aIj^v^I (j\j (J-4JU 4_ujLv SjJ9 «Loj (jl -» i iajj 
jl_«j| (ji_j 3-J3^L*JI i a .^."Cj 0' 4-jLijiu J-Lo _>^ ' " ' ' * J i to (j-° ij" iJl ^ 
JJLkJI <UJuL0 i^jJI J-jIjJI aU=-uiJVI lillj <Ulj£: aLo! ^yisclj (jSU il_«£IjSLJI 

iHarmonic ^S'alj'tl Q^jLULi I uai] <±JL\1I (j^JLill ^ o i aj I Jl^Jj i«GLJu (_L-». 
.(j .10 iSJIj (_^lj£LII <ju Lj^a^v !j-j3Lj ijJLufc (jl *Jsl^JI (^ uv^ jj' a 

C^JS^JLa i4_ujL>JI 2jj^\^ll (jjjjj .jla (_£JJI j*^Salj".ll Q^iLaJ! lJUfcj 

3-l^i1oj ij^Lj (j .10 Mill J^>- 3jl>-I^JI 31».jJI » US ^^ (_*Sj£LII 4Jaj *"< ' "j (_£ j-JI 

3^ii! Li) ^ o i nj La j_& 1 3 Ji-l»-J I A^xjl I JL>- 1 (j1_> J loj daa» (_j-l£. f-23 4JaJLi ^_a 

(^^ja-jljl itVI) ( _ > ^iaL(JI » U5tl CjIjI JlA <— il i .!■»- (j-o I i^ajl _>Ljj o^-*- 1 ^J 
o^SLaJI «Uv jaj (j-oj i(j .10 ."ill (J^>- L^jIj! Jla ( _ t 3 4j.no ."ill <icj_oj>JJ i_jiljSL! 
till jj Tcilojlj i(Js ."ill 4j^jI J Sjn . nil <_Alj£LII CjIjLcu^ jL) diSLaJI sLxjJiill 
C^jJI uj-S i_3j|j_«_o j_& LaS u i .1 o ."i II a I kaJJJ «Luj/Lu/2l (juljill /<sJL*-a 

.j^UJI 
(^Jl c_ij)<,„|-|ll (^JjVl Sj_oU t-jj-uoJ .(1 642-1 564) JJl> j^U *L>.j 

^^jIijj-J j_iLi (_£Jiil^JI diljUajJI *_iLi*3 (jl j^i-jjll ij-kjj - 1 609 aLc »l o i nil 

L^>.j el . ■•'« t Jl>-J jl 4_liujfcjJI «QjQJ|-joJL«JI f_y£ t—ij'C I ill" (Jjl )«_U-3 (_£ jjl Jjfc 

i". i .1 j Ij (j ii o i"i II jl /j I c (_>-a-y (^ jJI i ( _ 7 SLiflJI (jjjjSLujjji AUij «_o 'L*-^! 

jjj3 jLo^i 4-*-1j' ^tJ-^H'-*" l^'J ^^^ * ^J ' " o '"'II Ll1£.j_o^c-« ^S^_« (_^-A ^Ioj'^ 1 

jl (jSLaj V Jl>-1^j1 j o all Cj1!i ^ysj2] (jl CxjUj La 3-Aj t iSjH ' ' *^5^ u^ 3 " 

i_lSi£ (_^Ij_j (jl (jA_ol dJJJLi i5-jjl o ' "II <tcjjjj>JU (_y3 j '^"* j^-Ji (J3^ 
i(j no '"ill jj^a LiJ^S Ui^i U 1 -* - SsLl^^I (J-olS I J >.j j J Laj 4JI J^J-J^ i3jjijJI 
(jA_a_i (J_) ' ^j uj a-xLU * ALkj (jjjL_ul (_y^. ' ^j J ' '■^** t (j^-4-i 2 ojJbl&j] QjJbj 

(J^>- Ssjfcsll ' tSoS jjAj jLi /yiJa^j (^jJl (jj^oS-u^oS ALkij ' . i h"^ I flLu*3 

j_j_LJL>. 3_jSLiaJI CjljukLiiill ojui CjjLcSI Ji^j i(j no Mill (j-o /. L^aJI i ajUtl 

. (jjj^SLjj^oS 4ji U 'I (j .i ot"! u 
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I , * i ^j a Loj^S l SJ j J I mix 

i/oJUJLI 3_ulj)j-flJI Cjjj^tlll (jjj jjiSLtl (1727-1642) <jjjjJ (JstxJ ajJs 
2 aJ-HJ,l Sj^cbLiJI 3-laJjJI jLSLs^I (j-o JljJjJLi ^ iSuJI ^SLil! (_£p! Iojj 
<juI£ ji^j iaL*JI «LuiL>JI q^jLsj 4£j^>JI [j-uljii L»jI j tj^3±> (<s-<-ul (jjH2jj 

^-ILS|- t j- : jJ LaJulq «L_ujLtaiJ1 (jj^*- il>£j LOJUtJ cQJLlII (JJ-u ^j-* - *— j M-^' OtJ ' ' nil 
(_,_& Sj^iiJI jJj^ (j\jl_jJ3 (jl (j-U AJ i<LojL>JI 3^3 (_gi 1( _j I no Mitt ALliill ^ 

.jjjjLitl 

f.&jua] 1 ^jl <J-t3 (j-* i»J3jju /<uj t L$_L« * iS^IL) ^_ 7 ^-tl (jl^J 2 1 ^-11 j^ i"i > a «lLdL_u^j 

(jj^_u jin^ Jl9j . L«_a l1ajvJ_« 7"3^ L>"3^ O'J^' f-^ -4 ""*" 0"* ' '^*^'^ J-^ Q^ >2M 
i(j"dl JiUcVI aJl2jj ^Ijjj-uVI ilaj» jj£. (_p3j2l 7-LojjIj jjjsJIj jJ,l < < < < n I Jail 
.^^Jjj-uJt a j j a II 1 _i 1 n->- 3S^j>JI «uj_i3 (jjujil Lit f-^J «li£ lj^a> 3-3^9 
I 1 J J J >i i (j^ 1 ii-v (_p (jlj i«Luj£ 3jJ3 d_u!iL>JI (jl I uaj] tjJJ-U l!*jjI JlSj 

x_Jj_« i 1 i n'ie-i Ij i nSr <J-dJJ * q 4.T * ij-u2 <J_i-oL>. *_« L)^_Ld i lluLuj 3^:9 

a I i n-v^l *-J-«->- (_y3 Z^^>-jjz SjJLtl tfJUfc (jl tjJJ-O Tccisjl JlSj 1 1 i J Lu <L^I I M U 

aI i ii v3 1 Ll^jlS I oKj 4jJt LuJLjej ^^j>.^JI ( _ T 3 «(_,-<i (_p (j*-^ 'O^J^ ' 7" 

^yjJI jj ^-,^tlj SjijjiaJI JL»JI 51 intuit ij_l^l t^JL^Jt 3^3 CLu\£ UKjji! 

^SJal in j tl (^ 3-jLc. 5JI mil (J\ ^33 J^JI (j^l dP^rH c? jL:;ji ' '_>tP-^J 

I Jlj* J^v JlJljj .4_j_iiL>JI 3^>° d»^ J) Ik La ij^jJ.1 ^S 3Jl»-Ij 2 La Sj (_^ 
(_J3-2j i _ > l3j'iil •»■ U , .. ^ I c 4_j_i!iL>JI (_£jJ3 ^i^ O' 'LJLSLau tcjj-oI (j^oLS^Ltl 
.Mjj^-^t S-ut ■ ViAtl aI i n-v^/l (^Ljj 'j -i ^llj j^Iaj'^l (j1_i 3_>ijL2JI <_)Jlj>JI 
Jj-ca it i>l o i ii i_!Lli (^^ 1687 aLc <GLaj| (j3^-U (jjtxjl jj i ntl j_<lij J^j 
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. 4jjL;LiLJI 2 runlrill <Ll»^>Lj^JI Jjj^s^I jl Principia 



^J| J . >. * tl ^ (jjj3 idJIiill /«ilr LgJLaj 3ibjLj>JI aoIslJI i_Ac.l ^1 dJUo V 

a^L<JL> ^jlIj^j! mJJJI l( jj > ijL!! o>^' ^^ 955 -1879) (jrCLiJul Oj_JI 
CjJSjJI (P» ■''jj^^'H SLaLlII r ljVI jU^I, fl| .~.r,<\ ^1 iSosbjJI djj^Ljpl 
^^-oIjlSJI (jLikil f_j£ I'm i nljl (_j^JI jjJlj»J,I Q^^JI ^jj- 1 * 3 <-^Jj^ ij_uaL>JI 
(jjjLiJJ d<--^-iJ3jl L«l i(j-jj-j_i ■ j 1 ■ a u£ ct-^' '^■ i '^? 1 ^' j'j-" 1 ' "-^Jj^-J 

(jLSHI Jj-j-S (j_o l '^- l ^ 3 '-i>J' 'LjV^Ijla (Jji-ii j^><-> J^ (j^~ mi mI ^S-2 (jl 

*s-J i3_caL>JI 2 _i j i n ill Sj^laj (j-Aj i 1905 aLc 3 j j i n ill (j£, 4-uJ^liJ (jJjl 
.1916 aL: ^ liili Jju 3_aL«JI 3 ninill 3j>iaJ (jlfi? 

IJlJJl^v IJlJLJ I "lill-»- JuS l2j^sL>Jlj 3-oL»JI 2_H I nill ^"jj loj (jl t_<Jj Vj 

(jLSLa l( j_aJJIj (jLSJllj SJjSUIj 4JsLkJlj 4^jj>JIj SjLU £gj Utajjj njj^U 

4 j j mill ( _ 3 _3 4jUjJajj 'Lu^u^JI ^"iii i nH pj i .aj (jl (jO mi'm I c-I U" , ,,lj 
(jlSHIj (j-ojU Jy>-J 2 «U| j^JSj i^Luj^so CjV^Ijlaj (j-uljJLi 3-aL*Jlj «U^oL>JI 
-,_jLaj J '^" * VI 4_j-3 Loj 4_Li ^j^-^JI Loj njnj i aj Lx-ds '-* J ! w 3 O"* * ' » I 
jjk SjujVI jLaj^I a JJt (jjLjIj i .iljui SjljjI ji Spacetime Continuum ^l^-a 
jJsj .S^j^jjlII 3J0LUI 3_lJLSLU jLuVl ^Jl ^sL^VLi «j|j a*j <j-«jJI <j^ 
. aIj u tl jj] c^jioJj njjSJI (j£, suiiajiJI S^SLa /, a " I (jO mi ijl (julj^ cj«L>- 

»l iJa-aJI JSji j_l«j 3ju,l ^^>-J (jl J-A i3-aL*JI A jj i nill Sj^iij j_A^>- (JaJj 
4jj/jti^JI (j^ Curvature ?.\ uzJil] ^^22 a j j a a Liiuj ^JloJI (_y3j ' ^j "j ^".' *"**iJ 
(jl£j ■ (j-be-Lt, I Jai»JI (Jj (ttOflJ i "I I JaiJI ojSJu Jl>-G V (_jjJI jljual SjJjILa 
(jjjaj, I .-I Ja-dJI Sj^la J^?-^ L)' Sj-oL>JI 3 jj mi ill 3j) taj (_^ ^"imi'm! ^jlr 
jji La u^\ dilii jjL>o 3_aL«JI 2_ij i nill (_y3j i -J uall SjLjijJa ^Ir i_2jjLu ^^SL! 
L<j/j_fl_a VLjc_o L*jI^ (j-LjtJ - I LaaAJl /_^ S^Ull -5^>-J (jl Ji>-V Jiia i Jjui 



SI 



r'i ■ v-> a Loj.i3 ■ S La I I nxl£ 

^^3 <JliljjJil!l j»jI-2j SjUI J-«^=j (_g JJI (_g!-Inertia ^1 JJI jj^aSlI j\ 3_uiLaiI 
.J<miI1 SjjL^u oljlj-o L4J 3_*jLUI 3 /'I LknJI J m-vVl 

LuUJ l I j . .. A> (J^>- JjJJ (_j-*J 4-U^5j2l S^SDI •»■ U . .. «_o tjjjjtjj UJ2 (j^SLJI 

(_paj 2 1 *_« jno ilill QJuj t^ no Mill (J^>- Jj^i Ct^J ' J ' "^ ' o^J * I f-* *^J>seaJ 
(_, i j III (jjj m II) Llj^je-o fj^-i i_^\ 3 J 1 m'iIu jj 1 11J 4< 1 .Till i_jS|j£LII «Ll2jj 

1 i 1 11 uij I j 1 ""'< Jj^ jj '"'lO ^^^ olj^J,l£-Lujj*-a(jL3 LjuIjj (Milky Way 



,j_o}JI (j^Li-3 LJJjl I ij L"tj ^"imim! JLs i(j-ojJI 3_u^ ^^Jx. JjJjGilj 

jjjjLiS CjIj^I i_>^j Lojiitii-u! I jl (_^>- ' £}\AXlicJi (j-uLoj jj^L? - 1 im u I 1 J 'I'" 

.OJ3jJI 
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1-igjuJI ujnjJIj Od^~" 



iS^Jj 



^U |" ^' 


jl^VI 




■ ^r J - } 


l_U— 1, ■■ 1,1 J 1 J 


^jji w^ 


, [ ^jjji 


c^>JI 




j^- Ji «_t^3j-a ^jja 







u "J ^j j»uaj : ( 3 ) ( JSLtlj 
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r'i ■ v-> a Loj.i3 ■ S La I I nxl£ 





jVjJm.VI :(4)JSLi 
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1-igjuJI ujnjJIj Od^~" 
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J8 



I , * i ^j a Loj^S l SJ j J I mix 




(6)JCS< 




4^e_A^j_a 4i) lis a La I i ulOlju! -ijLu' (_ijS«jI jLJljI jj_a 4_)l_*_i_u jj-Aj 'Q* la>JI (j-"'j («J-Li_u : (7) t JSLju 
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jJS (>lj_j djjjjj TC-JjLjJI J^=-3 JlIo (jLujVI i-l^-lj 

<_2 2 I Jiloj . «L$J| 4jjl n i nil aIj^v^I (_)-a*J (j- Jisejl 
' . ' J La * (JUh^ 1 »' 1 '" 'I L r < -3j-J (jLujVlj (j-> ! i nil 
* )j * i"i II /■ If tj.!* !r " i n U ^j-* (J^~5 tpj i"i"vj 4_ukjj 

I A.j , ..^ t L^jS 4_Lt_J_LLij1 j ^JjlMI j , .. <i" ^jl iLojJuljl 

x_j oUII jjSri"!! sJa f-^j^; Lujj ij-i^L>JI CjJSjJI ^^3 

jUoJ^I l_a_> f La ^iJI (^JjVl cjVjUm (PI 

. CxS^jl JlJJlxHJ «U_u_uJ J I A «J 2jS £l i nil A I JlJ>"|( n 2 
plj_ij>-lj l3 J-S LflJI AJ I < II aJlJLj J-»-l (j-S-Ij 

j»lj-»-t Lr $$ Nebulae Qo^lj mil jl) ajinll Lai 

juxlu Lajji^. j Jl2j (JS ."ill 4_uLejj/ i3JjLi Sjji o i n 

g 1 uaAJl ^^5 tc_jL_u ^j>- 2(1 ^j>.* .11 j ^IL*_« I g '^»* * (j 2 
jj-a L_Ajj_i J^oJLlu-J <d L-t-LgaJ.1 ^q_i 1 J^iuJ 1 j * J^-lss-iuJ 1 
/q-j1 J i n tl ul)1jJL3 tL^J Lscjj <_ 7 ^-11 ajj?e_l!1 CjLcI * Mil 
«LbLu_a CjLvj_« ^_ t 3 4_c Lt-tTuj Jljjlj ^aJ rj iJaJI ^j <aj <t ) 



II 



(j-ojj iSjjl o i nil aIj^v^I (j-o 4 iil"^e-a plj-il (_3-^ ((<uJljj/) jojj/I j I Laj JiJSj 
CjljLc (j-a jjjSijj ^JJLc. (<ul Ju-o iiJLL^3 i (jj LnJaJ I I ^j j la ^ i_£j-<-u 4jLfu3 I J Lu 
l_£jIL>u p. I i a a 1 1 ' tLakJLa ( _ T 3 ,»Lli-i ^L> Sj iVi i a LJLc (_ T JkJ 4iitL>JI l _^ <=LjLc 
(_j-3 (_gi 3-j^*_a jojIJljoiJI eJJt (jjSLj La LJLcj ia^jcJJI l j H a (JjLa JJlC (_jic 

Uj^v (JjSjj ' m*-lj LiLp-'J <-lilj^>J.I oLsol fj^ J^J-JJ 4j^j>J,I /<ul JijjJIj 
(j-a (JjAJLj (Jj^l £jjJL9 i4_u£ai jl 4-«IL*-a jl SjjLc j<ul Ju-u Lai (_j-<*J • L$-La 

(j^La'i/l (^ Jl^vjJLs 3_*l«II *uIjJI Lai i\js>. itaLiSLII 31JJ3 <b)Lc iTjISj)-^ 

(jJaL-UI ^yJI 3 j i ii "i ILl aj^lJJI JJ_C L$-l3 Jij ^ylll jl (»>5tJJ! (j-a 4_JL>JI 
jij-a ( _ T 3 Jl>-jjj oj zkJuX] a^jcJJI ^Sj «Lu5j£L!l jajljijjiJI (_y3j • L$J 4lax>J I 
Ijl^J 3_Jj^LJ,l 3jU,l (jl_i L*liaJI i\ olr J n" » jj i3jljj>JI JljJiJu («^><J I J i la » a 
. L^jIjjj «ujf 5j J= '"" 1 1 a^jeJJI I j" S I La I (_yll! SjLI.1 ^^jfc ijcjIJlxJI (j-a fo-iJI 
icQ^Li- I J iS> Ij o^jJvz 3j_uS a^jso (_5-l^. (_gjrueTi3 iSj^X-a^UI jsjIjUjiJI Lai 
(_gl 3ljj (J^>- JJJ^i L^J Li j-J-<4JJ J '_>rhP La^Lii-l (<sjI JljJI dJJj (JK i"ii i fljqiejj 
jJljJJ tAo^e-ul (j_a (jjSLjJ L^-La 4_l>-jL>J1 £l^>. 2l (jl Jljj t(_ 7 _<u>o j-±£- j^J^ 
, L&j^Lsj ^^3 '"" aLv (JILaj (<ul JtuoiJI L^J j J laj ( _ 7 jJ! 4 ii I" -^J, 1 jj - -^» 1 1 tiJJj (j| 
Cj 1 j-j_a^_u£J 1 (j_a DLc * >>> * ^t| ^J » ^>" t«LLfcJLa «Lc^_*oiJ ^jljLjaiJl jjJlJJ 
J^£ <uJ i ii Jl f_^S 2 ta flj ^JL3 L*ili «_aj iS'v i nLaH-a 2£js*- 4 i A ^^3 3_uL\II (^fl 
3*_j^_jj i^j-S^_a (J^>- «U_aLS 3jjJ ^XIJ (j-^ 1 1 nil (j-a (jo^La 4-t-ciaj (^l r"Ll^o 

J^La-i j-JuIJj (_yjij ifj >|t\.tt (jjSDI <Jlil Jl»-j ^j'a Galaxies CjIj^>J,I Lai 

jj^sJI I fljlg (j ^ LaJ (OJ (j-aj JjjL^e-a^LII (^jSLII » LuaAl I (j-a i^^fllLa «lj^».| (_y3 

j<s-j|j_<-u (j_a 3_jjl o i ii II ^Ij^v^/I (j^ (j-u^HI i_aVl £y> (jjSijj (_5-*j .4_ujSL!l 

(Jj->- I J i a » J Jj^ u ^ J 'j'-^-J c?- 1 ^ jW^-J ^3 -J ^jLu j^aj i—j£\jSj a^jsoj 
(_j_A Cj Ij^sJ, I j .4^1 nLqlLa A i j lac 3Jl»-j I jl»-»."a cLuiiL>JI I j^'j'j i ^j a » J 
ial LaJi 'I ' f.\ ua a II ^_^ CjIj^>J,I pjj^J Vj . Lkj-iLoAj ..a^js-lII jj^a (jlSLa 
cLcj ~hX\ L_aj . 4_*2_LL?e_a (Jl S ut] iJr 2 j i"i"im (_^-Aj ^j i"i"%. (_^ Jl>-jj La_llj 
VI i L Jjji.'^l Sjjl o i nil L^-alj^vl (J£j i Lajl-a^lj I g^ljSj Lg-a^=-L> 2_i i no Mill 
aLjc^v^Ij (JK i'i^I 4-itJe-a CjIj^>J,I (j-U^Ll £y> ij^t-a l j t A 3-jLiiI (J-uxis >>>■ 
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Luvl^j !«^vl^pj L^JI ^1 q^j-a jjj (Jj (jjSJI c 111 ?-*- dJ-ljj -^-^3-^ ' i*^ *>fp 

.(jJiajJ,! (jjSLJI) 2^ La-Ill ojut (_ 7 ic I j 2 1 La 1 J 1 Lujja-a £}£. Lxjj-im 



J^Li. (_£j^=J ^ JaaJI (j-a j^ ill A 1 unj La LJ IjlJ i»I «i i nil ^_^JI Lutl LaJ lil 
4_2_j-2.} 4_LJ5_^3 lLb-Sj (jja (JjSjj 0UJl>-^J i Lkll I I I a 3 ' lilj 1 LiLlLLo - I iJa-aJI 

(jj^iajlj i_2jjij La I JufcJ ,-l 1 nil JljS ( _ t 3 Jilx-fl /, '^-a jW^ ^r!-* (j-^ J 1 ^ 

l_Llc.j_<ija_o (_gjJL>o (jlll 3^>J.I (j-*j Milky Way ^LjJJI (Jjj^-Ls jl cj-'-A" 
(j_a JjL^JI *_oj*1!I I jui ^yfl sLia^.1 4-*-ioii!l (—x^ljSLII (_ysLiJ (j .10 Mill (jl 

J_lLsj j-^j-i' L ^y '" cAsl)-^ - jl ctAj^ t>°->^ J^-" (j^ '-'-l^ 1 ?- ^ 'fj 1 ?-^' 

4-S-a-mj itLujj^s «l_u-u (_aJi 3jLo ^l^*. ajlz£ ^-LjJJ (j-G^LsJI J_t£. i'l «i 1 nil 
JjLilu 3iLa_Lll ,ji3 Jl>-Ljj i4_ujjI3 «Lo-u I Mi j 1S1C 4 1 no-*, ^l^s* jhjX\ Jti^. 

.<>u3L>J! <Lp-LJ ^1 ^J^j-U jijUll I J-<fc (j£. 

4 ! 1 n (_iJl (jO^Lij 4j^1j tJ j]\y>- 4^£i\-ujja (_yic 4 j 1 no i"ill <icj_«j>J,l *-23j 

^yiij jj^. (_gl (jj_)Aj>JI j' i_Jjitl pjil Jl»-I (_y3 Sj^J.1 3^j-° (j-° *-±>y^ 
J}L>- IjLo 4 U Vm (^jJI (j^ufcjJ! JaJJI dili ^yk: i3jj>Jll ^tab. ^1 (jj^iaJI 

j-oVI J i^^SJI jLill c^se-mJ *(_yla Ljjjj^o jij-oj UJLSLo (ju r I 1 a a 1 1 j 

LLli r'Lj i" ml id_^>-jL>- Cjlj^?c_a sLjiIjJlJ niilflJl »l oUI (jSLal (j^LIj . «L<jp- 
• a ■ d ' a \ _j 3» i _ 7 _^ L^-ll inl i L^J ^ j" 1 ..lj n i~,f- i<->jl 4_j_J^J 5^j?e_a ^^ j'h* t 

.^jjvVi a^iii oi^jju 

5_^ Li_aJL,l jJiLfl-ia tAjje_JI (j^_) =UjL^JI Cj La Lm-L I ,_yoLj^ ^—5 aJljbZujiJ t _Jjia jj-uLJLa 4jjj_tiaJl 4-Li.uJl (*) 

.(Sj^I^JI 
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(j-O ^_ySJ^B (j-C SjL^C l_LJ^ja_0 (jl (-Jb L^>-r iTii ill (jSLol C7-^' SjJ I i-l 1 1 j 

n-aljJa'i/l J-tC (—o-pej^j-^ lt^ ^J" ' " '(jJj^J' j^'j jW*^W "-^ji*- a^=_JI 
Cjljlxjso (j-a 3Jj£La Lj^Sj J'C i"ill 2jj^i SJLtfc J->-JJ i_PW U^J-^' I J-A (J^>-J 

.^uj^^*^' fj- 5 ^' (jr^ "^^ (_5 JJ1 jLuJI (SljiJI) Sj^>J.I 3^>° **-" J i~ ' "_> 
(_j-3 4_i_lJ^_Lv pj il 3Ji^Lj (j-° ?l>*"' J JJ ' ^*" *5iJL_ji»- 4jL^LlJ (jSLol J^J 
JlxIUj i_£JJI (<sl«JI-(_gjj^ljJI ' dial I jai^. (j£L<jj 3_s-l>.2| £y\ i i nil (_,-3j itij^y 
<_'*»■ i ii (jLSLo JlJJLjso (j a- 1 *~j J i aj (_yjJI '"'I ua ill I uJ^ f>$s^ll\ d-<-uljJ (_y3 
fjid J J i r~i ~»J I iCjLo^mi ojui (jj>k> (j-C- O^La'j '^H?- J^ C7^ U^jlJ^^*" 



jS-ta-C I (j-O LoljJ I I J J N a I (_y3 2 J I il Ml II l_Ll£.JJl^O I— <£lj£ JJI II (jl 

i I * ' J c I aLoI 3_> o"i i ii a cLjLuaj LoljjJI ojui i_P-^- i J J mi ill 43j|jjl1,I CjLoIjJJI 
I j Lu (j-aj-4< i n"ll i_xSlj£j| j»3^3 Lo-Lu (_, i "j^j-ll jjjJu jm i"ill I j^a ajJsjj 

. SJlcLuia jlj-il Ji^?e-4J- 1 f i ^>j I 
J_<p. i^jljl J-o ^jJI 2_"~ I -i^ll jLoJsiyi Jj^LLil (jl I fl-ll? (jjj_uSLII (jlj jJLl 
(_ 7 lll 4jji o i nil «l£jL«i,l eJJb (_y3 (jLtujVI (Ji-JijJ *)juu3\^1a 2jI JlJ (JiL«-i ( _>l3j'2l 

.(Jj^Id JlAI J-La djlr 4_a^j?e_« LlulS 
4J3.3 (-LaaU ^-" ct-^* - '■" '-^^11 7-j-ujjs <tAg.LLua.il jLoJsljl (Ji-Jj (jl Loj 

r-j-flla Jij^a-o (Jj^ (j-o (ju? (_gJJI (jl i n'tVLa i'LuSjSLII 2^j>JI (j-ulj^ 2_lSL<ta 

(jSxjJ (jl (J^S r I uaAll 'LujiLu/ il (juljilu 2^Jj joJI 'o** '^"^H (__>I3JJ>JI (_5J^- 

. «U (^woL>- )«_xIdI^Lo (_pa^*2. fts_ijL^j (j_a 
(Jj^»- i_jSIj^LII (jljj^ (_5-3 4-^_il mi"1,I 4jlS^tJ ^inii i"ill a Lkill | ^_l<ujj 

3 ' ' a ' .'J 2^jl tajj (_g| dj-rjljlitl i_j£IjSLII CjIjI i iio^ i(j no i"ill . . ^j£j\\ I J i >i I 
«Lt_*Ii ^ 3c 1-^ i ■■ rt ^_ilj^ Lt_a (j^SILS t(j no iliTl (J^>- L^-jIjJ^ (_^ ^j^* | ^- ?e - 1 cirj- 4 - 1 

V Jl^-Ij oljsoI (_j-a-»l i"l"l I III (JJ^-LAj—lLuOJ uk^ui Jj JlJ L^jl jOJ l4jjljILo 

(_j.ll o Mill ' . i La S 1 1 ^1*3 AlaAi jj^ L^jJI LijJijJ (__tl3_sJ3 liiLa i(j no i"ill ^^s^ jujljj 
. <tcLuuJI i_ijLfl£. jjjji Jols oL>ol ^^ I j'^i - ^ Jj^ L(kLijL>-j ij^^j^LI 



flfl 



L^Jljjj *Lul us L&jjLe-o <_,!£. (Jjaj i3 iirf*lt l L^lj^ J^j (j n«^it l jj 

jJljj (_gJJI 1(_jjjjjIjjI <_*£j£Ltl tLujjjiLi i I uaJl JL>-lj oLsol ( _ T 3 I J i ■ ■*' J^>-J 

. ( _ > ia^Lc.j i_j^c JS l»u "ij-iLjv (j^- jj^ 4Jl£j 
(•"•Jj I ^"^j'^J J *} ')" V J taa) (j no Mill (j-o 4jj^Jl!I i_j£IjSLII (j! Jiuv^Ljj 
-LajJLgo /ji^-l frtOj (j-«J ' ' J '** SJujlxjI i_j£IjSJu CxJjjJS lil joj*j>JI S^jJLca 
'(qj^'~(J-"J-'IjJ1~(_P'J~lO" 1 ''i'U) 'LuLJI tLaie i^aJI i—xiljSLII (_pS (j-o "isLiS ^>IiSl 

(±*jJl^*- i—^SjS J-Aj SjLcLaJI oAjfc (j£, J-<ij _J4^ 'Cj^jlj) *_<-uLill <_j5j£L!I Lai 
dJLLl JlJ^_jj oLlIjVI ^j^-j't i nj Lx-«j i Jjlj tfj^c. j j i nj (<sJj I j j i nt i— al mi'S^I 

(.imttl ^ LliduLs tilLla j! iSjiiki Mitl ic:jjjj>J.I a!j^I(>u SjJj^I 3-LjIj-1I 

i_j£j£ (_p jl Jla j t^a i ^ .^.i jj| -»■ . y»l jJia i(j no ."ill (j^ "-t iljSJl jL»j| (j-u 

.(j no ."ill «Ll>-L> (j-o «lJI i_x£Ij£jI t_j^l jljJ. j i- 5 1 1 i ^.^. 1 1 ^ « . >. (J- 5 "- 1 ^ 

250 (JS 3j_a I_lj^x_o yhj-a (Jj-»- L^JjJJ (J-ftSij A j i no Mill LL^jjjja-OJ 

.Cosmic Year (i-u^SLII 3-LuJI) L&lLc tjllajj i3 im u3r!-'- a 

La (ji i'Ii". Vj 1 1 g-iL: SLpJI aJljLijj Jix^ejjj u^sjzl -ij-JJ u no Mill (jj- 5 
i(_p3j2l (_j-Lc SLpJI icLJou «LLajjjJ,l Sjj^ill 4jo ital ojui (j no ."ill (JJt^cJ 
ojui (j-«J 'O^J^' (j^i J ' ^"' (j^I' (j ii «i ,i"ill 4J3LLi (j-o 4_ujiil 4 1 1 n ill dJJj jjfc 
tQ n o i"i II ^j-* (J^J*I 1 /j 1 ■ ^" , ,." ^j1\ 3j1^j>J1j p. a-uaJ I ^j-* ^LLuIajl A 1 1 n ill 

.3Ljj>ij1 t t£^_a ^j i ni 

u no Mill (j! I^-Sjju (jl (Jjjs i3j^L»Ho JLp-i (_y3 (jjiLlII (j^j^Lo (_>iiLc j^j 

(2>C j-J-<UJ (»!-* Mjjl I II (*_>>■ -^H?- i-^JI (jjjli'nj IjjLSj lA^C-JI (_JJ^>-I (_yik 

(j ii o i"ill 4_L<ufci (j^jijLJIj OJ^'J'^*^ "-^Ij^i -^^ . sLcianJI ( _ T 3 aIj^v^I (_ySl-J 
j<ii.jJLi i JjL»Ji,l I jl Ij ^1 aij ^jt><.tl dlVI I -vjj w<~ la , ajIj^IIj ^j ,^lt . , ", < 
iLajJUl QJ Jj '^11 I g^lg (J^ 2 ' '~ 4 ^ 'C^ '< i M'iiL Liia^Lc Hjmi cojLS L4JI ^j-a 

.((jj3l) «JVI A^ul 

(jlSLo Jjji^o Ij'* I taj 1 "I dlLill si olr jl (j-o /ai-jJuj iljut Li-°JJ Ct-^J 
/_^ IjUjejj 1 /- » j j La 1 1 j mJjLujSLII I ^xjS>j ^1 I j 1 1 a jj j 1 Luj^la ( _ t 3 jm miII 
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oJLLa cJlj V 4JI VI ilf&ils (jnoMitl L^j jJjj <jl (jSL-sj (jil! cjM^LilJI 

. I gga-uls (j^ c_iL2-tII ' a iSia ^1 ?-L<j>o SjjJlC jlj-<-ui 
l_tSljAjl ( _ T ^1_JJ 4_J_U3j2l 3^£L!I (j'jj-^ *^> 3 " I* '"' (-?-"' (j-* (J "" ""'J 
da 31 ->"a <ljLt 3 alLi 4j i no ."ill <icj_oj>J,l c I i -^ r I J£ uJLxj ^j-1 < L^jljI aj s 
«_Lj 4-ojLa <icj_<jij -I i^ujJI ^^3 7t j i n~ (j n o miIIj .ojl J^o /y3 L^J-a i_£ wH-"' (_r-^ 

(_J3 l£L!jj 3_*_cu^JI i.r'sljSHI L^3j3- ,jjaj i5jl>.I_jJI 3-ulSJI (^a ^lo ^Jl£ 220 

(jjjijj i(jl i ii iVI L$-3j_c (_5-J-II CjLsLLiJI *-J-«->- jjij-a-o (j no i'iII jjIUjj 

LJ^JJJ » >» 1 1 ^j-a tc_lx-idI /CJ <j-«J i^aj'j 1 * t£^£ (3-3^ *^J^"' ciri- ?t -^ t - u ^ L^.1 * mi! 

i_Aj£ (_j-^- "JrH^ cf'^J I J_; a Jj^ " 3iSjJil, i(»LiaJ-iu uSo3 (j no Mill 4-i-ulj.} 
.(JjLxujJI (_," i"n 3jLij>JI 4-1^,1 < miVI I <j"al U «_iLLo (j-o '^ flj i "Vlj i ( _ > l3j2l 

(j up Mill J'^"" (_7^H ZjJjStl "isLcull (J^L>- i(j HO Mill 4jt-iui jl mi" tl sLui ^^3 
Jtjso V , iU , ,,j"ll ^3 ,J_oq Q^-lLo 93 jl ^ILaal-p (J^lLo 149 ^l^*. (^jloj^l j^C 
Jj-cuJ (_yjJI Sj-ojJu «Lfl-pJ,l 3jIjj>JI (j^ o-^-y o' ll>^"*^ "-° U'" 1 ""* *J-^3 (_5-3 
.2j mo Mill 2al IaJ| oJ_& (j-u'j LJa.fl.unB I a uSLj (_£JJt (j^'' 
<J1iLvjJ fjJs Lta-Lajjl CjljLkJI CjIj ii J c I djj iSijL^JI (j no Mill 5^(Ji-l Jjj 

Sj Mir ^1^. ^1 j£jX\ (_y3 cjL>-jjJI (j^j^Lo (j-o 7-jIjjj 1 1 jl>- «lJLc SjIj^>- 

niilnJI »l olr ^jajt^a ,j_o V^jJS ,_, ^"' (_yill 3jj jaillj peJa-i^JI ^Ir 3->-J-5 i-sVT 

3_jjj_cJI . ~iM c I alllj cjLvLoJlJVI (j-c- 5^>oLJ ^ n o Mill 4^LL> qVj Jj^j 

SjIjjsJIj (J^Lalll Sj-tiui _u i ni iSj o"m m a!\is*\ Lg^f-Jljjjj-aJI id-LiL^-jijjLjj^JI 

£y> 3JjLi S^ilSLl AJjI^llj (j-L»-jljJ44ll (_gj irVrr Jl^vjj iS^». ,j-0 L&^>° LT 3 

tj-UoiVI (I*) 



O 



,j-a MjjLS jJ^I ftljJN.21 4JLii (ja5jja 'J^' 9 1 U^j^ (jr- ^J- 3 ^'j- 3 (** ' " ^ '' ^ '"~ z?-^ L?^ 4-tUj-tJ I j_j1 
,Jj_>iJ ^j-C 4_>uLJ 4-flLlaJI ^j-a S>ajS 4j^ii ^^LLaJU I ■ j se i a ^ a| i ■■ 5 | V I I Jut (j^SLja tjJ-uaJl d_LJi 
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Vj i^LjLa Ijl>. L&^£j-o l j H a i_jj_2JLi jno <~,\\ "oLo 2_aL& f-^Aj *l£>*"' ^-d* - 

j " o _i~ i i n II (_ylc (j-la Ui;!-'- lj-"^" J- 5 ^ 3-SioJil aJJt ^^ >Ui i"-itt jjl Jj 

i-M.ijt t 3 j r ■■ o Mitt 2_allaJI wjjjj^jJI 3_jjr9_LJ1 4jjIj^>JI 3jLw«JIj. j^I^JI «_jjJL1 

jl iUa-il^ill Cj^lj^tiJI (j- (J-°^ W^ L3-* i_H '*JL».|j 4-J 1'* (_,i^. Sj 1 aj 2 a 

^j j l(jtl jLc ^1 (j^j-jijJljL^JI jLc Jjj^o ( _ T i^. J-4-«3 cj^LcLiltl (j^ 3_LuL_u 

2 at la II diij J-Aj V? I 1 J " LsoLj /"iM c I flail oJl^Jj ijj^sLuiJI £yi Oj-jjlS 

.aisuJiiuiL^vi 

SiSL^JI 0I3UJI 3;, nil rjj^J yi>. ,3^jj>JI t_xSb (j^jJJI ~t — a lilljdj 
jJs i4_2_al_»i cjLcLijjl ^1 (_j-&J3 3jLt>- cjIj^su ^i LgSt > u (jl^c (j-^ 



» 2 _■ II 4 1 1 1 11 a 1( j 11 i"i II JjiJ-^ CjLoljjJI (jAju jj^J [jLj^-il (_>AjtJ ( _ T 3 
«_Sj1!j t(j no i~ilu «l I . ^1 1 1 cLut.uIa.ll j-&I^IaJI ^^^1 (j-o J-f^ L?-"' 4j i no Mill 
«L2_La_L<jj «LLslj*_« (JlsJl ^ o i nl 4_tll J 4jj£ju& 4^IaJLq . . _}Jl?s_« tc-cIsIj (jS mi 
/J^vLjJ,I I J LS •"■ ( _ r £ 4j mo Mill » 2x11 jJljJJ i(_JiaJ1 4_ui /j o i n~i 3«Ll^I j^\ 

.jj£luJ.\ (j i i o i' i I I (jj^' Lr^ 3-o!jj£ 
j t jS i_iJl tjjJl^- I &j La 3 (JjSLj i3j_o (Jj^ ^ J '"1 '"'H » 2x11 jjjl^ Jtlcj 
i^ILo ^iiS (—ill 30 ^l^s- ^1 I Aj u a jlj^l 9j) j i hi (_jJI^>- (jj i*3X (_jaj jla 
(Q_> ^ J i n mi 4 * 2 * ^_aSij »^p-« ^nS L_flJi 80 (_2-JI (J-Lta-3 ^jl—L^^l 1 ^j^* > <_2-^J 

.-,UAj 1947 aLc Jj/jI (_^a Cj^Ja ( _ 7 jJI ( _ t j* ij^L>JI c^a^ll ^"-». Iglj-r . n" 

^Jl ajj S^IIa Juu /. ^""^" l- 4 - 1 !^ ^ *^ * 5>-iii-iaj| d j i n o Mill » 2-iJt ^j^» >J 
/<U Sj'iril «Uic (j 2 pa i L^J jUa jj^I ^1 2 <?jll J LiaJ Lajiic Lai iaLjI 2jujI 
4ji no Mill «Ul2jJI j-o^. (jl J^J uajj/jlll (_y3j i(_flaiej (jl (jJI (jiLoSLiVI ^^a I JuJ 

q^SLj 4 j in o ."ill )«-2-l!I (jLi (Jj-2j diLill j^ iiujLj>JI (_gijJlj . jq i'i (j^ (Jai 

CjVL^>J,I oJ^jfc I mi *"t tc^vj^I /j I cj i3— i m-jJal Lj a CjVLjc_«j 2 J j se i a a 

cjVL>J,I ojui (jl jJljjj i L&j^vj ' .'." ""*J ^j mo i"itt ^-2-iil (J^a 4j i inWLijJ,! 

L^J (j^xieJ i_J^aij i L^J aLc j_uju2J ijJLuk (j .nl 4JI VI Lgjl JiJ 2_ojlaj S.Jje.a 



*n 



i(j no i"i!1 (jj3l ( _ T 3 (_gj_cuj (_ 7 J-!I 4l5L$JI 4-uLjj gSJl CjIjLuJI (j-o I lLxS L^JI jji 

.iu«i]l j^Jt j-£^ ^L^>ll ^Lj-LoJaLiUI oVUJ.1 

I j j a ^ j Jl 2 j I r 3-jIjj JLj^>iJ! > uitj <_*jl£ 1 ail i3JjiJ3 Ciljii u J-La 
(j-o j^>- 1 («^-i S-LH^' i3_il_jjJI oJ-& (_yi^ .(j no i"ill «UjIiI (j-o «Lo^»- (jlj ij<sJL«JI 
jJsj 1 1 j j £1 a ^ t_d^Lal (. I r j3i L4I0 i_jjJl1L> ojJ^ajj 3-i 1 n a Mill 3x.jju>J,I 
(-<~lii'tLa < I^UCli S^jji^JJ (Jj^jJ! (jljjJtLi J^*^' u^\ <«-*-ill «*jjiL>. cjjI 

La (JLCjjjij 1 Jla^ejJ! (_y3 '"'I ta-pJ I oLj-o CjIJiJJ jm i"ill ^ 1 a j 3 (j- o^J^' 
iQ n i"i II ^-o^J9 Lxiajl ^"ioS tlj . JljL>J1 jj-* 0^-* pj-^ c^J ' *^5^ ^ kc 

(j 2 U Jii-ij 1 1 Jl>- j_l«j-3 (<s^*->- (_5-3 7c_u-ajJ i(J^2 (j-a 4-aJajJI «Ju jjlS (_g JJ! 
. 3j_aJiJ,1 ^aj^jl 9t k 1 ■■ (3_5^ LI^L>. La-jat-ua Uj_c*3 

(jl (±*_pe-j i5^vl 1 nil (JjLa a^jc-lI! (j\J JiIaJ,! r I ilxflJIj iq ho lUI J^*- L#£la 

SJsLLaJI £y& » '■" S ' j V ^1 juol (_ji£- i ( _p3j'i/! i_»£_jS 3-5^ l-Ajj-i-a (_," i"i ) SLpJI 

.3 ii,ioi°; l tl 



JlJ-J fj \ f I J J I n't A^JC-Llt a^liiS J23 li^p- (_, 'jlll jJ^^taJI (_5-3 Jl>-JJJ l(_g^Lc 
J_«_l (j 11 l"l II (j-O tijLLlI l_j£jSL!l 4JI L«£ I LjjJJ^O 3\>-° lj-° *^' "*il C7-^ 

.^ILajl^ 12600 ^l^*. i _ > I=j'i/l ' . i^j^ j LaJ3 j-Ljj iSjjijJIj 'jl lac (jr&jZ 

i_a^L«JI L^ASxji c I Jaa 4 urn 11 i_il£j_> Q5SL1 La 4_uil i ( _ > l3j'2l (jj>^ t j- ;== - , _9 

4 nii 1 nil (Jjjj^j Lijjjaj (—fljSLo uLuJ^vj i«GLoJL>-j «LijLk>j JJl»jj (_gJJI (_gi»JI 
A U ^1" -» ^1 J lau a (j 11 i"ill (j-« I jj ■ ..~s* (-2JI a^LLaJI (J-ojLi i«LxiiflJI (jJI L^A2xuJ 

jl^ o"< t nl iJr S t 1 1 1 nil ^_A 1 JlAj t^ ' f ' " '' J^° Lr^- ^J'^>— *"' c — ) '- v J-^ Cj Ji JLt_a j-^'i' 

. I i fljeJa 1 " 3>^ *LpJI 
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a^e-uIj ^no ilill Lillii ^^JS l_4J L^J^>. (j-* tfj-u/L) ^jijSJl jJAj Ls_Lu t^l '^^ II 
} "' 3 " J (_}-}L«jjj (_iJj Luisji (ji ^^a ij-o^l dJLiiv Lai . L&jLiSIj i_*iljSDIj 
(Jj^v I j ^jj u ^i i4_uuJI ^^a ^ILojijS 30 > 1 j" 3^.j^uj -I ■ >. Atl ^a ^r j i u3j 

t _ ? Jl o i ii II '^ LJa-AJI * 01_3j_Ld ^<i in) jj^e_« (J^>- (_paj^/i jjJlJj .jmi i"ill 
(_gjjt iPolaris ^jiaiaJI («^=-l!I 4jjj t^SU-i ^LiJuJI i—Jaill oLsoLjj (^jjJjsJIj 

.J-liL>JI LlxjS^JI ^^3 Jl Mill oL>ol ^Ir (Jj/Llll Jjj 

aj^jcJJI JJljJ '-o-'-i^ "-^J^ 5 ^ * LiSL-u 4Jl£Lo ^^3 (—LLaJLil jojajjl jJljjj 
Sj^jilia «CSjj>- /yjJaAjl /sja-cJIj .(^jlaj'jl (jljjjj 'I^c-jjj i«U^>- (j-o jjJj My^i-^l 
1^1 o Mill ' . Ja^ll Jj>2 LoL«J ijuIslj^JI 3JaAt3l (^ ^ 2 jj a jj'a ij-o'i/l f-^lj (_y3 
«L>-LtoLA 1 flJi-Lla I go3> I 1 ■■ rt xJLu 3j_L*_i-tD 5^_jl _i /cj-uj_j a^j <JS 5j-a r^J-^- 1 ^-^lj 

, Lu^Jjj j 2JI (^-o^ 
<_i-»-lj|j_tlj ^l—Ljv'ill (j- J-f^-3 'JJ i^ajdl j-o (_j-^ _>i*^' «Lul J j^^j^Ij 

-(2yi ! 1 nil i_aVl (j-o l _^sj^\ ■*■ La "■ (_yl£. cjj mm tl ( _ 7 jJI-cjljjj^3LbjJI (J!lo SJ^L^JI 
^Ir Sjjajjtla 2 ^k.tl I^KLut ( j-o «lj->-i ij '"'*.' "^1 f\5i^ _>^' lS' W "^y t -' 

(_jl^. (JjJ LX-« 4-2jL-u 3Ll>- jUl l£UjU>JI q^Zjz\ (_gjL»-l-3 (_y3 Jl>-J JlSJ 

(<sJ ( _ > l3j'2l (j-IaLi Sjlj^v Cj_o!.j Loj isULl (_,i^. S-bjia (j-A-u-u J_Lo Cj^i»-I L$j| 
L^_il_3 I J I La I i ( _ r ^ f- La I llj («_<iJ>JI (j-o t_!^x>- ijJLiji CjJIj Loj 1 Jjlj i-j-^itJ 
mJj^-j I 'U.iloj'ii! CjISjj>JIj ijj^ij-llj (j^'j-^' (J "*"" "3 'Jrhi*-^ LajI^ 4jIojjla 
jlj o"i 1 11U (^^j al -— T— » . . . T «Lj^|jJij>JI j«JL«Ji,l j_uu uJ^ "r La 1 uJI 3_j^ju (J^l^. «_o 

4 lilr I jj-a L^ L * a J 3e j L° ' ' '".' ' dLI ju J 1 ,t S \ Ltjli .cLiajJI j»|j^.| jj-a Mgjl 1 11 
Jo_lj>J,I (JILo 4_ljj_o j-J-C jl i^^-jHIj (J-o-iLlJI £ydtajL&d I (JIlo iCxjIS 4_uj-o 

» I iia-Aj I ( _ 3 -3 jJJtJ "I "' a 1 C 1 )«_j_<j^jc_i (_p3j2l i_*£ji (ji (- in 'n Vi i_jj5cjj 
ii_jiljSLII (^u )«-o (j no Mill (_!^>-J cLcuijj (J^>- 1 I_)^*j3 2 3jL»-ji *>rh^ 2-£-_>jjiJ 
x_o mJ J^i- 'il I (j-ifc i-dj^ajJ (_yll I Sj^J. I f-« (<U L(Jjj5=-o 3\>-« (J^>- (j " 1 Mil I f-a /OJ 
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VI 4 o U_l 2 J^^co (jlSLo (_yJI i(j_jSL!l L4I0 (jjSJb (_jjJI CjIj^>JU (j-o (j-U^LJI 

^Jl LAjjJlJ ^ 1 ■■^*" i _ 3 -Aj t^ILa jnS 4_jLa ^Jl^jv I gS 1 ■■ *-Lj-)J * *j ulajI - I 

d a Ja ^cj iCjljLiJI L^_L« Q^SLjj (_ 7 ^JI «Lu_uL_u2l SjUj ^-Aj iLlA_u1^>J1 j^e_co 

.crJjLJI j^it^a (j-° l£>^ 
1 4jijijSLa j_lC ( _ T jkj^ILa oliS 2900 ^l^*- I gS 1 1 "J 4Ja 1 "j"t I cLiLuaJ I -2 
Jl2jjlUj olj-o (j-° U^'j-P' «LkiiiJj La (Jj^is (jx. i '"* ^ Laj I'll (_y^- J ' ■" **• ' J 
.(JljJl^JI£) SlLflill cljljlill J mi^l <j-o (jjiB 3-flolaJI oJLi (jl 

jLS^VI j>uij5 ^Lo^L^ 3300 (jyJ!^ I a< . ..j . (Sl^JI) Sj^jII SitiaJI -3 
jl j LaJI 3JLv (j^j 1 1 J-»- 3-jJLc <talii£ cjli jlj^ (j-o 3JjSLo L4JL1 *Lil*JI (j-u 
.(J£LuJlj jjji^JI LajIj^ jo-aI (jU uj ' .'J 5Jjji iij 

(jl£ i ( _ > l3j'^l (j-lsLl (_y3 3jlj^>JI CjLvjJ JJJU 3 I 1 n't (_,lr l_2jJ3^!l Ujjl jjj 

. CjLojJjla (j-« SjjLlII (j-olj-JI oul LlaaxaJ Lx-« L^aJi lilli (_^alacj 1 ■■' (jl I ijlr 
(^lajVI (j-laLi (jl «Lj£ dJLfo V (_gJJI j^VI (j^LIj i(_yiiDji LiSlj Lui (jjjLiillj 

(j-j-llj i3_ut£j_JI j-jilaJI .slj_a l^jlr tiji^o (jlll SULjL^JI 3jjIj^>JI SJsLkJI 
. (^IS^-JI J JlQ LaaJI f^j-ul I g^ 3 ' ^J ^ ' ^ ' rt ^1^-« (j-« (J-jLj-u 3j^x-iD ^^^ r^j?tj 

^^.Lc hjLlULII «i->-j-i (jJI J-i-a3 3jlj^>JI ^->-j-5 (jl (_k>>'-<2-! o' ^j^~i" 1 n tj 
«L>-jj 2200 (_jJIj^v j^JI J i^'j i ( __ > i>j2l ■»■ u , „ j^^-o cjIjJLo ^IjS Sj^Ij jjlj 

U_LJ^j saje^aJI j J 1 a I Sjlj^sJI j>JLA (. dS3 a i^p-o ^IjS 50 ji'' (ji^- ^3^-° 
ij\A L^jjIj^v AjvjJj i(_p=j2l (j-laLi (j-a J"J^tJ «Lul^j_JI /<sjsj>JI (jl I jui (_,i^- 

Jljjj (_>=jVl o-kL> (j-3 juj Mill .U;.^tl (jl j_uL .3jj1o 3^-jJ 2200 -1 20 

.«Lcj^ILa » J^t^- /y^ >^ L^aJl (_ T ^-U Cj_iJtJ (_ 7 ^-LLa (_^b ^J J ^ ' ^* II jj-» LaJI t uj l^j 

a^EjlJI iJjV)JI CjjJo. ..(jisjVl (^IsLi ^ 4_LoKJI 41LUJI JjVj (>aj 
, i U . Ca (j_a , ( _ > iij2l i_2^L«J 4J3XJII A*j '-y ,^\\ 6 ajJaJl tllxj^IO u, sLuiIi^JI 
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.(JljJjJI SjJ^o ' " i c J i -""j Cjj i uS tl L$JLii>-l 3jJ3 j^c daJLuaJI jlj La lii! (_ji>- 
l y J a ■ La 2^ I^Ho^L^ I 50 j -i c (_j-Lc j-Lu O^J^' L>^°W Lt^ iJ^W JaLuaJlj 
^aj^l ■»■ U , ,. Cjj>o J^JJ . *-Jj-LI jjjjjpu i nil (_ T !^. l-LLs 120 ^^Jl^v L^ada-m 
jLa_jJlj jL^_l2lj j I U ^Vl ol_j_a ?=-<ij (j-o 4-<-o_ -^Ti_fl «Lj-3j-»- oLj-o i I ■>■_»! 
(jj£j «_iLaJLjj iL^ii-lj ^ n Ti-vlj u^3ji\ (j_jS3 f- 1 * '- J -^ J 3 ' a ' ,' J " " . ** » I J 
JJ-" L^aJI «bt_j_tla t t_taije_) I J^ o^ jj 2j ' «Lj_dau «LuIdji CjuI^>- ^^jS <>LjJu tfjufc 

LJjA_o {j^sjzl <t^*-_j (_jJI j c 1 1 *•»"_' La oLJll aj-tb tj-^j ' '-4^-jj^j '-$i9 J>,J ct-^' 
S-Li^j'i/I 5^£L!Li tLa-pu cjljLiJI (j-o sLvj'i/l S^a-j i n'q 2 2 ■ U (_g^>JI i_a}L*JI 

A iil"i-^J,l CjIjLlIIIj ^^>J\ jl > iTi i n VI (^pLolj i %.^.lj«tl Jslj a i ( _paj , 2l t-^J^ 

. JjjJI (j-u jjJlj>JLi i_2^L»3 V i5-La-l i nllj SjjLJI ^I^JI Jj^j 
S(_g^j>JI <_2^L*JI (jjSjj j«_o (3^-lj 

4-2-iJa '^j^» ' t3-5^ L^jJaju '"*■ 2 Ja ^j no-*. ^^I j^^j^l ^>- ^LoJjlJI a i ■■ 2 * 

, >-l^ i "j i uS 2 1 - j_jj2j_u ajaj 2( 1 - \_La_i_uoj aja 2i 1 -\-LOu uaj I i " i u- >^a 1 1 ia jaj j 1 1 
L^jj^v (^ (j7i_i< t (_yl!l 4JLlLiJI /jJb i(j_L»jJi,l * U_i-»J,1 (_gl) jjiii i^aJj^lilj 

_«JeJ 't— . ,.j"ll j_^ el ^ j U 1 1 tfjjfc pLijjl )«-LjJJ . ( _>l3j'ill -— T— . . ■ . t jjj.cO^LU (jAi-u'ill 

Ol tldgJI jji^J-^J s\j 2j i ■■ >< I a JlC d 2 Ja (_^-^J t^^e-ul 9t la i ■■ (33^ l>-^* ^rP ' ' 
. 4 i^ \" ~*S I ' a i a I j » 1 1 jJoli* i _.-»■ i nil LJuJj C-^>- 'Ui^>JI 
^J|^>. I j'C ^ . .. ji-L-ia (' " ' I 2 j La 1 1 ji Ja_pJ,l (_gl) j_<jL-ujjl^p-cu]l 4-2-Ua Lol 
I i a tj-iij uftja^lJI <L2-ua ^Ulj ^jjSjJI *1^j1 jj-* *L2aIa ^_ 7 -^J * I^ILajnS 30 
i4jjI^JI CjIjLlUI (j-a (jlj^J L^jJlcLS (^ t_ll i ii M jl 3_uL«JI 7-ij>JI I J^l"-^-" 
.«L2^JijJi,I 7-u^JI CjIjLu /cj-uU (JlSjjijj 4_uioj2l S^SLII < la » a ij^>- O'iH?^ 
^j>- I ^^ jj^tlLi^ (lJ^JJ'^' ' f-Q^*-* 4 2 la ' rt ^i) wj-aj "J *jtjj <L2iaJLq Lai 
Sjjill ^ -Qe i . ■ A * . 1 1 j_j^3 £L«jIi2| (Jji-aJ 'Ojjj'^'' j*^ Lr^! (j^?~ ' nSjal jLc (j- 
aJL«J IjJij (_g^j>JI i—S^LiJI (j-° «j^l' I J-* (j^ J-*_pJ i(jn«i Mill Lfej JLloj (_ 7 ^JI 
,«GjL9^J 4£^3 ^I^^JI (j-o 4Sjo i n i " 1 1 2 • La ^^>-J 
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.sLuIoj'ill S^SJI •»■ U , .. (jj>2 3l_pJ| 
L^jLvjLi j_uu3j (4_LjLjJLI ^ ajJaJl (_gl) ji'ai ii^jjjVI (_y4^ «L*jIjJI 4 axtaJI Lai 
LaLa-i u^sj-iu2 (_,-Aj iplj-ilu d g-u l»JI sLuLlII LgJlLa LLaj id i j -a- < 11 d-iia^LiJI 
CjIj j < j La -- I (_j-Lc (J-«-»J (_?^\ a JT ' "■"''.'^ (J-3^ 4jloL>. (j " o mi!1 CjLcL*-<i2 
«LbLLa •» j i '•>" 3 Lgjuj^pSJl Jl>.| I A i ^A"a , L#j (j^>.j^LuJ|j (jia- 1 nSjal jLc 

. Luj_g£ 4_i^> mi a ^1 
Lo-i3 4j*v I i n^Ul CjLvjJ.1 (j nS «JJ (j — "■ 1 1 LgJI 4 S ■ La II ojui (_>^ajl '^-^ (j-° 
uJ\ J^'» <j_a j_lJLLII i_xjb j»lj^>JI I J-A f-LflJjIj i^JjjVI aIJ^JLj u o i iij 

^j_a JjlLaJj L«JlJul3 t4_»j^c cLulj-iIs S^jkLIi J ^" • "J *J *2tl d d Ja ^3 i g LaJ J 
-d i i n I 2 1j 4 j i no i"i11 «JLdl j j gJa jJt£. 4_ut3 L^e-)j-gU^j> mi a Cjl qj i n-v jim Mill 
Lj_ij_^S 5-jj •> mi 1,1 Cil oj i n-»Jl ojui a J La i ajj ij^^j^l <_*£j£ dLxju fj- 1 -^ 
/tjkjjUa-L^ijLSj 4_bLLa <J S j La (Jji I j'lV-.et axLaJI ojui ^^3 •^■J^ Lr^' '— ! 'j'-*^V 
Sjj-sLj (_jJ! Sjl "i i ii ^^Jl (j-uj-^ (j-a 4 K mi ^^3 I fljgiej J^j Mia dJJi (jx. I miMJ 
LjLl^vI Lg-Lc j ■ t Laj Ju3 (j-SL!j i3ju,l ( _ T 3 (j^agjal .-j JaJI (j^ ^-^J ?T_>*^ 

. Aurora Borealis (,., Jcl2JI jJAJuJI) 5j alLaJI 
tLdaLa n_g^j>JI i_3^L«JI ' " ' I S j La (2>a S^ji-^lj 4jjtAL>JI cLaxLaJ I (_5i^- (jiLaJj 
^1 J taj JL3 f-LaJjl ^1 Jtlaj; ^^j (Sja-jLiJI SJLlLJI ^\) jjri mij mi^VI 
(j^^a- i nSjal (j_a 3^j_aILa Cj!j j ^j^» J L^J J-»-JJ (ji (J-^^^J ^^ >^ ' ^^ 
ir-jL>JI (_jJI I L^juI LxJS Cjuj_^>JI eJJt (j\j ^jJul\ jIji^jj nj-L^-j^LLillj 
. Lj^JJj Lajjlla I i j Lu ( _ 7 ^MIlII •» j i aaJ JL>- ^1 



(JjJSjJI ^^-l^. 3-j-cl LxaJI 3-lSI iJa-dJI aI mi-v^I (j^ (3^3 ? La JJLc ^Iji^J 
2 j o in"t (j-SL!j i2 j i ii rijl\ L^aL^-aj I gc Ijjf JJjijj i-sVI Sjx. j^^c ij-iiaL>JI 
■^j-x-a I j'i" '3-ul L^aJI ai i ii-val oAjfc f-J-«->- (j^. j j La '" 2 ( ( _ 7 £.Lu^5 J-4-S) 
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LI La •"■ L4JL0 Cij mi" ilj 1 ' " 1 1 La ■*- i j j ■*- 1 1 ( _ T 3 Cjj*j*jJjI JiJS CxjLS tcjjIjj-o yLoj 

V iyJjVI (jl jjfc iS-LfljisJI 2 g£ I Li^aJI jLiJs'i/lj LI La iSJI aJJti £yu Jj>illj 
j! (_,n^J 4JLa i2_ujL>JI (JjuLi jljj.1 (^ sLLJL u n~&~\ (Jj (j3li JJ.5 iS' l£-*-> 
(j-o ^j a i Sc J * (jr^*- touiLu] iJr 2 Ij^j-o jnS I I ^ il L*a 3 ^ i n-v ^1 «Lcj*j_u k-LU 
.4-1 (__>-3Li- tiJLLa /_i JJJ^J O^J^' ^Th 1 - 5 ^ ** uajS 
(jJaLj jIjjjiI 1 a iiuS-1 (ji ,J^a i(j^ 1 1 nil CjLlo ) LaS u (jl (jLcuj VI (_ji£. (jl 
5j^ I "i.^tl jLoJs'iM j>Jl^£ y-l i*aAll jljj-ut iSjjtJi, N jj La 1 laj b (jj 4-iSLIj ,ji>jVI 
'J-'J '^"'^ J* (j-ulj^lt f U-"-u 2JsjJ| (_y3 SjLc. i-3 VLl 3j\^j>JUj (jlalj-C.'^l 2 lil'i-^o 
3_ujj>JI 2 j,r- 1 j ,^.11 jLiJa^l (j_o j_uSUI iJJLlAj • «!->- J J-o^I (_,!<* LjJ-aJ-l aj-23 
(S-j-La^so ji ijJljlI! ^j'C 1 mil UaLSiill JJJ l ^*"' 'J i^al^fll £ylj ^ J ' " ' m-»-~I1 jl 

. I ja\t UM jj^. 4ieJjlj-co 

Lol t^sj^\ -" La 1 a (j_c L&j_*_i ti^-j-3- (j-o 2 j^ I ;,^tl jLoJs'iM lIiIjIjl^j 

Jlj>_lj Lo j_A (jja-a^e li.1 jl jJUj . 4_<JLc ji pLjjjVI ^ La i ujj a jl gLLgaAseJLa 

jl jII I jus (^a jLts^l (jjSi LJLcj i^pajVl gJ — ,j-o j^Lo _jL£ 300 ^l^ 

<_jJlj*_cj /<J aLj I (j-a JJJlX-O JJjJ ( _ > l3j2l Jj^v JJJJ l5I J_l 'r-l^ J-*^- <-lili 
jljJll Lol .(^j^jJI i_2>LiJI (^3 2_3jJL=e_o dili JLtJ ^^Ju^Llij i,jiajVl _jjej 
2_j£.Lu-aJI jLoJa^lj i^^jVl ■> La 1 u (_>£. j^la jL& 2400 (jJlja» Jj>^f3 cLa mjll I 
.CjIjJjj/ ajLtl-j^^j^l (Jj^v L^jljjj (_gl-Ltj^jX. Jlj-Laj jljJll ljui ( _ T 3 x_iiajj ( _ 7 IlJI 
j 1 c J J La-Jj Cj I jJLojijSlI I (j-o liWI CjIj Mif JiajI£ i2_JL«JI CjljljJ,! Lai 

.4JLII tLii Ls ^l iL^ls j-^sjj (jlll 5-icl ii^tl jLiS^I 

1 *J * c J l_P = j'^' Tt-La-m (_^c /y^Lu^ajl j-aJill Jjlj (jlj 2_jjijJaJ| 2^^L«Jlj 
^ c I ' 1 a 1 1 j 1 all 4^j^>J (_gjj>JI I j a\l A 2_ojLioj ( __ > iij'^l 2_ujLv ^1 j-»-j3 
<", .>• ^^- ilj i4_lLc (__>I=j j! 4_u jLv 5) La-j i " i"il^ i ( _ > l3j2l (j£, j>Jju .ilj I oK 1 ^ 
..aj-^£L iJ->^ tiiljuj lOjLtui (_gjj>JI L^£^Lc 2_ojL« 
3j_La_Ljj (jLa i2_j^ 3 j'^| Sj^LII » La i u (j-o ^^ I LloJI j -i all i—ij^SI ljl Lol 
j«J (j-oj <d^j^>J (_gjj>JI L^£^Lc. 2_ojLio dllji^j : jljijj «LlLc (jlaj'i/l 2_uiL>- 

• l_P=j 2 1 (Jj^- «LljjJ 3Jla (_gi ioj^c j i<-i Sj 
2_oj^UI CjLLlJI J-o->- ' 9- 1 lAaJ I (^3 2_j£.Lu^aJI jLo^'i/l aL^o CjJl>-I (j-oj 
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3_ujSL!l CjLcbufiiVI 3-uiSj (_£j*JI I j'aM A a u^ij^\ ^k^j]& £jC i ( _ t a1«JI licse-di 
. dJlaJI 3-<-ulj.>j CrgMitl 3j.uIj.Jj (^j^U ^j^-lLLcJlU JL>J,lj 

5-SlLa-U Ij itLjcjkjlUI 5 y-Ji Lai I SjjLlII CjIjSJI dJJj (j-a LojI.} (jLuijVI <_t--y.<3 

i«Lj_iLi!l (j-o tlj^vl Lxjj jl olp "-^^-a-i (_^-!'j o^J^' 3^~ Lr^ SiSLa 3x.j_cuj 

(JxaoXI >jc, (j}-i3jJI <— S^LiJu QaSj La «UjIiIj sUaLa^ 4ji no ."ill <icj_«j>J,L3 
(j^ *Jl»- J i a a 'j Jl3 jjjii^. i LuJ! a^jcJJI i^J^-Sl j-p-*i lS'-*-" i Alpha Centauri 

/_^ LAJlJ&I Ml't ll—i^Ju 4jJJ* ^Ir (J .10 Mill (J^*- UtjLu l_£jJ3C_<J l_2^L*JI I jlA 

!_!{ I II J J}jJL>U <J-*J '??- <k 5-'-' w 3 "^, ''""' < Lj-2L-i-^JI CJ"''-^' O^*.' (_2-^ »l I nil 

. LLJ! ^>JI c.Llilaj L^LCi^! 

LqA^. jlU'. ^1 <4-JL*J! ajsLtaJI iijli SjlsLlJI 3jlAV| l£,U:u Q3SLII cA^ 
La LiLp-i I j""*j i " j_Lu il 5^.j i nil 2 1 j la c ol o_i i n-v L^JT i(3_uj£LII 2< mi^/I) 

4-Oe i "si'ii Jj^All 4ju3i2 !j g| jS 1 1 ii^Ul CjL>-jJk! (JlLa i4_uj£jl sUjI/ 2 1 CjL>-^oj 
(j ? se "i _i /oJj n>j iip j" (j! (ji_«_LI tj^-XJ 2r ( _ 7 ^-j^ ij^ 3 OlJ i^lj-ojsJI cl^oj 
J -J ^- a '** • ."VI 0Jl^J ^ 2 j a^JI )JLiaJU (j-« j-aIdL>ij1 lL^^jI (_^>- sLoJjljI 

jl^c. *i (2>° [3 1 *° "* "-^' Ojl^' (Jj^i 1 1 ' j < (j "1 '"'" (j-° Sj^Lgo L^JI j^t j II 

(ja£LJI ^^.S (jLi ij-p-^l i^ljJI I Jlj* dJIiill si olr j i a aja . tLciiAi! 2 ^j^. , ,.tl 
4_Lje_L>J,l CjljLiJI (j-° 4jjLd> CjLloS cJ^- tS^^r} '-&^ Ji cPJ (<u1jij-uJ! (j^J^Ll 
jj-» i^aJlj JjJl^JI i-lilj j (_yl^. (_gjiaJ LoS i«L^t>-Lll,l ao^cJJI (j-o (j^^^-i' CjLIoj 
Ji^J i JloL>- jji La L^-Laj X-ujjs jji La ai i m-v^I (j-oj i«LojI J 3Sjj>- ^^3 jLJLIIj 
ti y\ ,>> Atl a! i n-vVI ^JlA ^j^* > tj-« «CL*_u_« cLu^SJl d ^ i"i2 1 Q^^} 
i_a^L«i! LjJjiJI di LojiaJ I I j . ^" aj t 2< 1S1VI oJl^J 3_jjjijJ| .-.I al Ull ^ k . ^ j 

^-»> d( Jr -<i (J-J (_3-^- 3fLjJ LluLS Vlj IJ-Ojiil L&^3I (j-O LLlSj j<SJ (j-OJ (_g^>JI 
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ua. Lloj ( _ 7 HJI LoLv «L«jil (j-« ai i n-v^U Lsl^i>-I (_£jJ3l ( _ T ^3 i(_p3j2l •» La i u jj' a 

. Sjjj_l!I CjIjjjs-ojJI 
(jLS LjI (j^L«J,l ^J-^s-JJ >lj-g-JI (j-3 J n~< "t (jl ^KJ^I «UjIi^U (jSL*jj 

1 3 "• - '\? " JLaj-LlLaj (jjJI AjJjSDI 3-*-<i5U 2LJSLJI ajsLkJI A-u^j 1 1 ^< o . ,. 

«LujjiaJI 4-*-<I/2l (J-iLu jIS3-LlL«JI J^JI i - 1 1 £ j U ji Ljjl Ise ui (j-o L^Jb^jajj 



tMjLLoJJ «Li^L>J1 ^.IiLuu (j-« i^y^J^' 7" ' " (33^ O rt J ^ 'l j la * a jl dJLlu j( 
l j_c a \ j , ^ A" 1^ «_a- i'iij V (JSLiiuJ '3-CJj J^l IjJ "iJ-a Lb><^' I oK Lli? VI 
. LijL»J3lj 4j 1 no Mill <icj-«j>JU <_olji (j-a OjJ^. 

^Lo 3478 5j La a ;<-Ljj i^lo ^Lo <_oJi 38 j^=-ij (_>^=j 2I (jc j-«-iII Jjijj 
t_j_i 1 11 j !_«£ lyLua^JI /_£ L$j£^»- (_ 7 l^.j «Ljj^3j2! 5^£L!I (_ji^. _>JJj J-*J i^p-o 
t^j-L<^jtt-iJ3 ^ i tt^S ^j^j *'j j Sti ^j-^ ( jiiLxjjl 3^9 (J-4JU ti^>- j3~^ J ^ 

5JjUe-a j oSlI 3^>.|jJLI (jlsL-il! i^£ u^J^I r^ IT^ lS^' *^' L 4i>^ (jr^ 

(_yi 4 C La ~ j I ^La 1 JJjLje_a (^laj'^l K 1 ^Ir *UI (jV Ij La "'J i«LjJI ^J^J- 

(jl tiJjj i _ 7 _L»_aj '^-^-l cl)^-* Ct^ glj)**'ni ii o ^j^^"* ' ) (jl JlJ 2i 4_ii i>LL»_« La ^jlSLa 

. «U (JjLiLo j^-I o^-° lt^ J->^ ^^ jl J-j 2 La (jlSLo ,»a oji^ej Lojii^. jJ,l 

3j_o 1_^J^>- JJJJJ ' JL9«lj '*->-3J L»S!^ (^jlaj'iil «L>-Ijj ) 1 ^ 1 1 (jl iJaa> ^jja 
^l^jv (_p 5^o ^ i iinj (J^>- JJJ^ 4ji tiilaJl »l <i\c /t'Tii nl dJJ j (j-oj ' j j ■"■ (_p 
ij^c^-x-uj\ q u o i"i II sj-uaj ^_ka_Lij ^ se la i ■■ ^_y^. 4_Li2j m£| (JiiiJ I jjj t^ ^j mi 
*lj^-2 I Lol i4jjia 'l^vjj SjLo (j-a i_ Ij-Sj La ^l 4jjIj^»- 'L>-jJ ^-flJ^p^ i(j\lalS 
3-jLo (_yJI J '^"' Lg-t^ S-Jj^-J! (jl Jl^=J£ t(j no Mill 2» mi? I gjjj J '■-" V (_ 7 i!l 

j * < ^ 1 1 lIa^o 4^-jJ 
I Jl^Jj i ( _ > l3j'2l 4_u jLv (jjjJU-u ^l^v )«-ijj ^ fl _;*''"' J »-^J I '^■ i '^ d ' <a j a j 

.mJ^jv i_a^LJu .UI ^i~^VI . l/~ mJj^j V ,, j' a 

S~3^ CJ-'l '-4t I >^' ^W l4jjl «l I nil j»lj^.2l (j-O iJ^LC (2>C J 1 S II j_L<UJJ 

,d ^^a \ cUuLLo ijJLui SjjLsJI A flJlL>J.I CjLlLuiJI «Lt-iLLa (j£L«-i (<u (j-oj (_p3j2l 
i4jSLLji^LII Sj^v^il (Jl m"i iiu jl <bj i^ajJI (JjLjj^Ju djuLm aJ-tb Cjs\£ $\yui 
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i Uua uJtj ^_iL>J1 ji j o al\ 7t_Laj_u Jj^ ' J .' 4 J S J* ' ' ^-)L_u-4-«Jl aJJb (j-aj 

Ij_ijiI /. a-j i aJ I ( _ r l\ «Lj_il3j2l CjIJlcI i ii 1,1 J j_»^3 j js>- Lu (jjj . j.}L*l,l (j^. 

< Ujj~ , ,. (jjJ! i_al mi^'i nVI cjLcLx^v (jl (jia> (_y3 i^Lj! 2 . , >. . j"j"'^'-' aj^.tMl 
VI CjI jlj^oVlj lIiIjl^.1 i nil (_,lr J j , ^ ^ 1 1 ( j_ a (jSLoIu (jJ itcj^JJ "-jjSj^ (_,lr 

.^uil SO£: J}L>- 
Jl oral (_,_£ j o ii II (_yi-C I mi m d-Lase-a Jjl a JlJ-"i i n"t jl Jj»Ij>J,I (j-aj 

.(_g^3-l A^J>OJ l_xiljS (_jJI .. I JLtJ ^i^l Cj^L>-jJ l4_UJjJilII 

SVenus SjjfcjJI i^.y^U,,. ^j^l.tal TU" LaJ^ sLiiaAll .iljij JLa-jin liLa 
9t la i ■■ jjJlj>j i u a! S.-»l «^r. , ,.1,1 i>Lj_a (^JS ^-a^JtJ ^ flj jS CjuIJlI qj^us (_t-^I 
U& (j .1 a mi II j j la 3j i2Jsj^>J,| t-Lj^JIj SjIjjsJI AuxqJ] JuSj SjjijJI t_xSj^ 
jLcj jLiiJIj (JLojJI (j-o «L<Ll& ill LiL I— j i _ . -a- 1 n J^Li- 7*-AjJ *^i>-*J! »l o ' "II 

4_La ^_a uj i ii II «_jvj_jj ' " 'J .'J J J ' - j '' t — ''j J <JJi>^' jj i nSI jjju 

C^SjJI (J "i->. Ij i< <i"j <J dJLLill »l<ilr (jl ^1 t_£j£Lll I JL& <j£. oLa^LiII 

?ljij_i IjjJlJLo ojIjl^ uj-s jjJij 3j_&jJI i_j£jSLs i ^ -> La < ■• Sjjj (j-a jji»L>JI 

La (_yl^. i— 3jjijj (jl (j-o jLcujI (_gl (jS-<u-l («J I J^-Ij l<: ^i>-*^ I'Ti nil (j-a I <U-Q 

(j no ."ill j^c Jj>-jj 'LJI j-* iSjjijJI i_*£j£ {jc S^sIjjJ,! cjLa^laJtl Lai . I j"-- 1 

) LaJ3 (j-o Jjsl Mjl^ILa >^ I 2300 j j a fl j LaS Lai i^lo >^ 03r!-'- a ' ^7 ^I^ej 
3j_<fcjJI t_xSj5 ^jlr (jiLaj I JL^Jj ,. US'a ^La ^Ij^ 300 ^^JIjjej (jloj'i/l t_^j^ 

•((J^J^ 1 ftp) 
t_!j_ij La (j ii o i"ill (J^>- (_J^jljJI tfjlj^o (_y3 SjjfcjJI i_jSj£ 3_cj_,j, JtijJJ 
^_ i l^- T lj I o a tM5^>- i—3^ijLJ ^ . i.^'t i U A" "»■ t 3-^J i«Luuj1 ^^5 ^-* jlj^ 35 ^j-* 
La 3-5^ '*>^P 4 j i ii i 4_lL^. £LLi3LtuJI (j m i"ill Ajulu\ (j-a ^j n^<_) 4JL> d ae La i ■■ 
.2 J I MO Mill 2_c jjijsj, I ^^3 J^-li '-'^JJ mJ! 4 i uSj-i 
(_yi *Lal«JI I ajgo-l (jl ii—ajiiSLII (_gjL«JI pi iiill I jui -i^^-J ^'t!-^ (j-° O^J 
I Jlj* (jl (_jJI 7il^vIj_!I (_gljJI i , i it Jl-jj i3j_AjJI i_j£j£ 3-5^ i*-W^' (J^ 3 J^" 1 -^ 
VI ^ ... ^i i (Jj^>- JJJJ V (<u (j-aj i Lul J JL>-lj 'L^-^J (j no Mill «L>-Ijj i_j£jSL!I 
.(j no Mill (J^>- (J-alSjl 4JljJ^ Sjua (_yJkJ i ^aji ^20 Ji 3j_a 
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Jjfc . .(J»l i n~tj (_Jjj>-2| i_xSlj£jl (jJ! )«_LLajj (j^e-ij hjjSJI ^^3 LulS^o d *J.' .' 

. S^ISJJI (j-° j'J^ *j-«jj i_*£ljSL!l ojui (jj>^ ">Lo- J^>-jj 

il_2-»- (_i_Lie_a jJaio I tl J^iaJ 4_Lo Lbpjal lil (_£JJI iMercury ij\ lac Jlo 
i _ 7 _3j . 3jUlj*_j_« «UjLaj cL_t_uS i la a la >■ cuijtjj (J3II1 ( _ r mUtJ (_pt>-j_« ■»■ la i ■■ 
/y£ J^ ^ -t^"? 1 ^ j * '"■ 53 ^jlS-aj p I \\Jll& i c^e_<_u tt (S^SJl jj-* »/j < >> 1 1 £^J>j1 

^L^ 4960 aj taJ3 iJjj i^gjjl jjii^ill c-cJjJLlI i_£j£LII i Sjllac t^J^ 4J! 

i U , ,,j" rt *_Ljj-L$_l« JljJlJojI «L»1^H3 Z-QJUL& «Lc^_tuJ jno Mill (J^>- JJ^->J t^2L« 

ijjj L«£ JaJLa Lajj 88 ^ SjjjJI ^CLlS i3-oli!l ^ jio ^LS 48 icj-cJ! diij 

<-Jv9l 4JI dJJj ^^.t/i-aj i^la jJbi (j^jlo 58 (jJl^v (j no Mill (j^ (— £jSL!l Jjlj 

. <dj I HO Mill «LC^_4J>J,1 ( S\^£ (J-* J-^*-^ * S^ ^i jj-« ^H^' #* * 

Jl>-1j <: ^>-3 : i jho '"ill «L>-1jj^^3 -cJ [j-«J jmi Mill i]^>- I g^ Jj^ ct~*^ iS^jAjI 
«L>.jJ «Lj-3 *_<J3^3 i^p- cJJljI jLjJ ^jlUr i_^>-J J-»-l (jl Mji i«L<ulj eUuuSJ 
Lai 1(__>^jLi^3jJI j J '^1 /j flSj (_5-Aj ^3^-° '*-^J- i 3^0 (j-° J— " I ct^I ^j'j^* 1 ^' 
3j_jio ^-J- 5 237- i _ y J1 3jIjj>JI 3->-j^ (j a a se u "-i^p- i^Jj' Jjl'^ j^i-VI <= l->-^JI 

.(«273-» (jiLall yajiaJ I 3->-j^ (j-o Sjj^S mJ|) 

«Lcj_<tJ>J,l (_jSIjS JljIiI j J 3 nj^jiajii (j-u 'j I lac (_<£ji ^-^^^ I Ji$i-Aj 

\j\ La-C Ja aXse Jj . Jl>-!j lI^j ( _ t 3 iS^j^jj LAjJiST 4JI Lo 3jlj^»- 4j nm Mill 

e-LajjV I ■'-j 'j i«CLuiL>- (<u (j-oj «Q1jS jjj-3 ' .'." ",' ' _ ' ".' iS3^ <— 2^-Li «U^>- 

j^je_ij ^^Jl mJ^I mJ jjt j_o2l 1( j n o mi II (j-« ^J-^I 'j-^ 1 - 1 t^j JS mi j 43jlj^»- 

-' ' ' aJI JlJ_o (jj/LUI Al_<tliil fjlr j^a-"i ul (_gJJI (_^jSL!l L*lli ..7cj^J,I 

.Mars t_jj^>JI 4JI /ojjI 4 Ac (ji^Ls >J-<»J.I J-*^-^' *3>1 ' . ' .' ' ".' 
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7r ju r> 1 SJiS t4-Sela-ui (^l^. <"»lj *^tl d t , ,m La J J ^ log ttfjl J^a £*>-*-* * uniij 

a I o" ftQLJ SjLjI 2 _i i n a mi II <tcj-«j>J,l (_<£!j£ ^h^I ,j-o j-l^L>JI cA^ll (^ 

£j_i -i3->-J »l oUll f-^aJ ^1 till!} ^^3 I ( j i nil f->-j^ '- a r'JJ '(Jj-*il L*-U3J^J 

1 ^jU^V (Jjj\ <: ^ 1 i>*^' j-Aljiaj| liJJj ' .' i ' ".' LaJj Ji lAseia-m 3_5^ SLpJI (j-a 

J*C ni 3jIj^.j 4 Ac jj.jLi.'^l jLiulJlj 4-uioS jj^. JljL>JI (j-a ,_Ll£ -^^-j J-'- 

. «U^v (jljJJJ (ji^' (JJJ fliStl 
y-gj^- J j i4_ijj ^Jj <>» All 5^J^_C i _ T Xtf3j_ij ^ a> j o la (j_a (jLcuJ VI * j mi t (_ 7 S--Jj 
' fl-iSiSj <LiSl ua£ CjLiij-a 3JlC (Jj-uj! iTt-j^Jkl i_AjS (j£. Cj La j Lti, I (j-a JJ_)-i' 

9 ajj 2 ^-iSLjLa Lgla-uj < 1 975 ^-1 — c,? 20 ajj I ^-^^ !-*>>• T o^ "jb-" 1 ^ 

-j^^aj VI i iS^£> (j^S LaS-«L)j1^_) TcJ^Ju j^se^a (J-LO-SJ . aLjuI ^j ■■■*' * (j_a J'l""" 

. <ia^a Sjjj^I Jj'^^H cjj^o diljjj 

r-jL>- A 'Clq ^^3 Jj^ _9-*J '(J n o Mill (j-a I Jju f-jtj-ll t-jijSLII j-A ?cj^Uj 
j^c 7=J>il JJtJ 1 t- 1 "j" a f-Luj iljal V^La oIj_i V j<u (j-aj (_paj2l cilia (JLLaj 

«_Luj i LajJ 687 (J^L>- L$J^>- ^jj-5 ("^jj ^h- _>Lp Q^iLa 225 ^l^v j«<i ."ill 

«Lj-j!}Lj>JI (j_a 4_j_Lc «LojL>JI (_Laj (OJ <j-aj u^3ji\ <_*£ji j_La3 L-fl-uaJ flj La 3 

^Wj*' SS* *ls* ^^ J* 

2 , I ^-LSLjLoJI (_yij£j-a L^j (j^aL9 (_ylll <— ijl^tlll p?-jljj <il£ (uJL«JI t_^j3 

CjjJL^ J S a i7c_j^J,I ■xjg^ui (jj>^ 3l_p- -i^j-^J •" 2 ' a I^Lal^.! i 1975 aLc (^ 

4jj^c CjLa^L^a Liijijjj i7cj^J,I (j-° 3-ajLa 3jjLL> jJLJ 3 ! ^ijj d^ <-^-iy^>»J' 

^j ,>.ll |. rjS^qjl S^jiLli sLuljJiJ (j^-*-^ jyJSjLflJ (jjj'ill 3jjjajJI CxJlij 

joJj '2 jj lia-C SjLa ^^1 (jj_i^£L!l Jj i iiSI (^u (Jjjj>o 4_ul£Lalj i7cJ^J,l ^>J 

(jJI_L& cxJK lil La ixJaLs JiLij i*Ui«JI L^k: J.^> ^pJI ^jllill tr^ii 

(J^>-l J (j-a Cjlj_a 3JlC t_!jLajJI SjLcl j<ii.j_ij . V aI T^j^-II *-la-m (jj>^ SLl>- 
^J j i ^ -- 1 1 j<uj joJ jj-» uaJI l1^j>o 3Ll>- £L«3 ijJLui CxjLS lil La S^jjiJ, 3-i^pJI 
(jL9 Lajji£.j .Tcj^il ^^3 SLpJI (j^ pjj (_gl -5>»-J aJX. ji J^J-J '^-A^ La ^^Lc 

JLujI ("Cbtlj l*UjlI ojjiJI SjijjL^tA cjJljJ^.1 ji Cjj^vI (_yi!l i— ijLjtlll jjlc 
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(jl (_yJlj i3^j j-^' ??-J^J (_,lf J j ,^^.11 I jj U* jj£T i^_>i-! 3_uLii3 ^-^>° 

(j-C ^ * Lai 2 II j-J-C /j_jLli!l oJl^j (JjJljJLo (JJij "LaJuLLtl «Lpji,l ojui (Jjj^j 
. 4jl13l3 3j<->-I y*-)3 \-u3jaYL JIJjjJI (JiaJJ i Lfc.3^>-j c"^- J' *'-f > " AJ^J JljSLj 

^^jljLj Ir i_3jjLL!I /<sJL«JI r, Mirtoj (jlll CjLaLi^VI c-^t£:l (j-o (Jj«J 
3-iSLliJI .iLcaj^Li (jliiliiiil jUiJl I'riilj ("J ^yjfcLuIt I i Aj » i a I Ij to '« i7cJ>U 
IJlj* (_p_a ,j I c 7t-jj o I I f-jljJ -i^-J (jLjijVI f-^JJJ (oJ <V_jT Lii iaJJLII J_Lo 

i '* La * tTCJjJJ ^_ r l^. JHO Mltl S^A^D (jjjlSjul 3^J9 i M I n 1J . (SJ?EJ>J1 ^^5 J * LaJI 

(J^Lxj Lx-Lu i(Phobos (jjjj-i^a) 4_JI c-j^js'i/l j o-HI 4jjj (jLp.'i/l <_Ac.i ^^3 
(jj^xi!! (j-a J£j . cG^Lial 3Jlsj oJl»j (<s-c.j (Demos (j^j^j j) ji-VI j o-5JI 3jjj 
J_lx-Ijj i ( _ > l3j2l Jj-3- J-4-SJI «U Jj^i lS 1 -^' aII-i ill (j niiij 7tJ^J,l J^>- JJ^J 
-(JLUJ jJ-uj-u ^i^-^jjj^j^ jl Jlx3 tTt-^Ju i (SoS 9t k i ■■ jj-a ' q ;3 M 2 * ^jlj o ^tl 

' 'j j 2 j jJa Cj-3jJI jj^_«jj " t- 2 a ^p-o ^Lp 6000 l _ r l\jj>- tcj^-U (j-c Jj-u 

zjl\ o'jJ- 5 J^^*- (j- fwH-" 1 -^ *>*•' J^ - (J^J-^-^J 0-"3i?^ (jlj-fc2JI jjJj 
^jLsj-tuj I o ^ >l ti (£jSJl 1 jla (3-5^ l)~* ' 4^J '*^>w (j-I (J^pe_) f^J (j~*J ' d ' "^ > u^-*" 

(jjij_4-i^ (jl jl i«Ll (j1_2^lj_o I o j A,^.jj 4_ujiLLt,l 4 jo i .Till I j La c 1 Ju3 «Lulju 

4_ji_i ^ A.^jl Jupiter ^gj" i^i 1 1 c_*-£j^ (j-o »l LaAll jljj jbvl <-JpSI ^1 

4_i eta j a: j a i_jj_L>Jlj JUJJI (j '^^' (^ Lol i^yjLill j^a.'^l ^yJI CxjiLJI 

'■< la ■ ) I J 2j) la ^j mJ L^jLb ^^" i ii 11 ^>- {jjs 9 I '>»^ll «LLloj_u » <j"^" LajL^j 

. Jtx^tlll (j^jvjjJtjL^JI CjI^£j iSjjLkJI Cjuj^>JI (j-° "ijiLLa (J^L>- ^.'J* '^.'J 
1) !a ' " J^JI (_jlr (. aj^aj^ SijL^JI CjUa^pJ,! [_ya cl^a-uW j^LAill jLie-J Lai 
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j-t-a-Ti-j sLJLs jLj>JI j<u-u! I J14J sLjejjjj iq no i"ill (J^>- Sjijj ( _ T 3 j<-<tSi (j-« «lj 

Sj-iLJS I ■'"■J'J Aseia-m (_jl^. •J^J-JJ L° i_P .*" J La -- I (_j-l£. Sj-iLS i3j_u£ i_jJl>- 3j-Sj 

lil I J 1 j La -- i joj 1 L^jljl J^o (j_o L^>.Ijj>.Ij CjLjSjjSJI (j-o j_u£jl t_iJ->- (_jJ^- 

. Si j 1 a 3 SiLcu^ ^1 (_g>LSiXI i_j5ji jj-a LlxJ^Ilal ( _ T jk 

S^ lii c (j- MJ-^ " lS' _>*- _9^t£ '-ill 1 38 (_jJIj^v (_gj~ i'jiU jU« ?<-Ljjj 

(jjj f 1 j J i-o-yJ I < 3 ;> I j j ( _ 3 -C_3_iJI 'LJJJ tl^Jj 'O^J^I ' ■ ^j^ j La 3 i—SiJiiisI 

. 3^La (j-* l£>**' mil * S^ «U^Hje_l Lc_a ^kl (_^^- 

j_a La ji i t_gj "1 mi 1 1 •» La 1 " (j- 1— Jj-aJI *j^>JI I Jljj j^j! JL>-I («Jju 2j 

<_aVT 3 oj-Ltj 4 - La ■ ■■ ,jl ^ JlJ^a- V (jSLIj tSjl^ll Sj^fTjil 3±&JI jlj^Lo 

joS^e-o <_2^L*S jJljjj 11 -Jj La 1 ^-"'j CjljuLlI L&i3 ?73-* J *'_}*" ' (j-° CjI^ILojJjSLII 

.jjLiiillj (jlLlIIj 

4 1 1 11 i 1l_j LS-i-La^ JJljJ jl J^a j_3 jj no i"ill (J^>- ^gj" Mill i_jSjS ijjj^tjjj 
l^p_a ^nS I 3 iJ7 J]^>- ^j n Mill (J3->- 4H^.j-i_u ^-LjJJ t4 1 '-^ ) (J^>- ^IjJJ cLc^joJ 

.^p_a jnS Q^_lL« 773 jmi Mill ^^^ i£)~ '" '■ I * *SjS Julj ?*-Lj-1J iiLj-uDj'^l 

«_i| 1 g itl I j 3 j Mir (_5-2l (j-o 4^.jji^o n_gj" Mill i_x^ji (J-^^* - J3^i3 
(_^ »l oUII j-J^eJ (^ JJI «(_ T jiJI (^^J • Lj^J-ILaT^ j" 1 njllSj JljjijjLvj Wjjj'j 
■J -> U , „ ^Ir jJljJ (_ylll 3JSL^JI tlj^jj>JI 5jl2oJI dJJj jji (J^Liiull t_^j^ 



4_»_2_jJI) I j j I c j I Laj 'j$JJ mi LI i-jSjS -» La ui 3_5^ *>«** ^ ** *"' t -^'-' J * 
«L^-j /j I c I 3 ~ * J . 3-3j-«-a (j-o Jijlj »l oUII (^^SLojj (<sJj ((mJj-jSJI «Ij-«j>JI 
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ajjtiJI tgi lolji placl 

Lajl jJLal *-Luj (Js ."ill SjjLiijU (_5-*j ii_j£j£L!I (j-o (jJI o r°7i T 1 S^SLII • »'^ ■ (_fj 

.^la ^1j£ (_aJl 24 l^aj^.j ^p^s jL& (_aJl 48 
j>j^e-a£ 1 1878 aLc ^ '-■ a ■-■■".<{ jJa 3 i^iaUJl 3jJLl!I aJJt clu\£ jJl!j 
<_2^litj (_5-<kJ isLaj^slj ^^J-H L^Ji J-i^- '(S-IlaAI <btjiis I J J-i^- OJ-^' «CL<ku 4 <lSj 
dJJ jjj i.r<frSUI £_a JJJG Jj L^jl^sj j_jju V tL gjL>.Vl 3_.->U,..tl v2jLa>L«JI 
d i "^ ' (J^>- t_gj"i ifuXI <_*£oS tj'jj- 5 ">J^a ^jJlSj ( _ t 3 lilLall »l olr L^-ajLJ-"ii nl 
TT-La-m ( _ T I^. J-jL) (JSuk O^J-^ «Ij-«j>JI 4jl2jJ I (jl »l oUll ^_)^» ' (j^ J^J 

^j 2j 1 1 jut-o^Jl (3^li 'r\fc^ l)-* *^9^ *"*^ ^-4->- 1 ^-^j (j-* ^ ' ' ' " * LX ^lO"' i 'ill 

I i a "j (jL^j_jJI Sj-SLs (j)j '^' a jJ liJLLill f\ <\\c (Jjl»- iSij^la iylxm (_£Jla (_,lr 

' " ' * *"j ' IJl^ ' L^JLiJtjO T-j-cisj Jr!-*-* J ' " *.' l51>" Ij^kJ 'l£L>" miU ^>- ( _ T 3 jojLc 
jJljjj Ajjiill <-liljii J^Li- j>p L^JL^ '>^' (_j-!Lcl (_^\ 3J5LgJI 5^j_)j>JI aJJt 
u&jj i ii a ^^3 slj_«j>JI 5^j^j>JI ojui LLsLpjj . O3U! (.g-ijj '_>£^ JL3 ''"-.' ^^ '"' 
LajL^. I J !S Ij iOjjj;tA j^c CjJjLLiIj tSj~ '"" * I >^ (j-JLci cr^l ' " ' * ^~J I L° '- 1 ! 
^LxjIoIj Jjjij ^L3 La Jl>- ^1 L^j^jso 4jLuSLII ao-l»JI ^lS 'flj»- (_Li- 1 ^ ■ La j j" 



t_^5^ (jLa i2_i 1 no Mill 3x.jju>J,I i_^!j^ j_i^I jjfc (j^LiiuJ, I t_x£j^ q\£ lil 
pl^o-l jila 4.JI jliaj'^l t_j ji^v aii i^^ 3 )" (jt^ U^>^ >* Saturn Ja-j 
(j_a 3JL& 4_i iJa_Lj>o <-^J->- .1— iljU>JI JiJj-flJI A K i"i 4j j-;i-<uJ Ll c_ ijS 1 nhll 
(j^: J-J>J ^ <JL9 3jlj^>J.I (j^W "^S LlJ-^ 1^1 La^ i(j>UI 3-ujii CjLiL->JI 

. 5j_La_a J^£- ^-^ L>- * 1^ n i^> cLLa_Sj J^j?E_a 4_ijS 
«L>-j cj-^ >A>.1 ( <1 -'- i y "^J i*L«JjlII (»Lal lj-«J «Lu^J(JI CjLoLsJI ojui jJljjj 

jjj ^ jiiLu tLcSLIj i«U SjjLj CjJL? ^ylll jLAS'i/l Jo-I LjLoj L^Jl diiaJI »lalr 
(JjSLj (ji L*Ui (j^ ?5 L ^ J J i4_La <_j^2Ju IjLt^a «U JtitJJ (j! (Jj"-*" LajL^ 4_bjSj 
. j-J-a-a t3^J ^ ^ .' U^-*-" ct^ IjI 1^ ,".1lj Sj^j^Ij JLajJI (^>a Jaj^jli i>LjLflJ (j- 
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t/c!L*_a jj>- J 1j *_a 2 1 g uaa * CjLcj_4J?e_a (j_a cr~-j * »SaS <J^>- '"*' fll^JI (j^Slijj 

L^lajJ 3MJ3V! (^ ^j2 i\£3 V L4JL9 i L<^v!>> ci^p^i L^jjj <j£-al lilj 

slj^v^l jjjjj . <_Aj£L!l (j-a 3j_ui CjLsLjtA ^1 Jilx-l L$j| *-a 1 LgSLa-m 4iJ3j 

5jj^3 jLpJsi LjLoj _j-a 3Jj£La duLS CjLaL>JI oAjfc (ji ^J «OjJl>- ^-SjjJ La J-*J 
L^JjJa Lai .1-5 a ^ia ^IjS I 5 (^Ij^e-i (_L»-j CjLaLv LiLa-m j J_2jj iS^jLLLa 

J J <LJ j_>- jj '3- °^ * tSjS (J^-jj *^>-*-* J -' (-Jul 275 (j_a * )j_dJ La » ln^ 

'„' K ^JJ * ""^ (j- 4jj£j-A S'j-l "^Jj '(*3^ - *"" (J-° "-"jLsLLaJJ 4lI^Lla JjliLLaj 

29j 5 (_L£ (j .1 i"i 11 Jj-»- 'Ljjj-i J-^j r^-^j • -^L-J' o-° jj "^ L^Jj3. 1 h~\~\ 

(J^"< i ii U t tS^S Jmj ' dJLx<3 ^£\-jIui jhS (j^_ila 1425 (^l^v I g '*" Juljjj t4_u_u 

S) loC j gio3j . t- *a ^j«> 14 J CjLcL-u 10 ( __ r 3 cLtujjj (J^>- jjjj jjij-Lu^Jjj 
jLaJS^I aJJbJ i I l^aJU I J '^"J. 1 d-Lljl^la ^ 1 tVT '. ^1 j Jjj ( __ T jiJ (J^j (J^^* - M'J"* 

jsj-aLu 4_lSL1j cgjLc. i_a^Lc. «l! (_gJJI i-^jZ iS^ J^rP-^I' j < stl-.jl-._i~ (jr & 

jjju i_a-Lj-l i(_jS^£L11 (jljj-i SLpJI (j-ojii ( __ r 3 JJJJ jL«J3 2I ojufc _j-a <l » 1 ""j 

■ __, 1 n'Cr oLsol (^ j_JuL*JI 

MU>H *ti$ii\ . .y«^tj|) 

( __ r 3 (3^J i(«jJl2JI J-La S^jijjiil Sjl j 1 nil i_jSIj£L11 j^>-I _j-& <_L^-j o-^ iJl ^ 

cLseJaudti j, Lu (jl^ I S'a ,^tl .tl 2 ,';. ^ ' j^"'^' a ^J"J'^JJ' ' . '^J^ ' ^ iSij£^I 1781 aLc 
i_j£jSL!1 1 Jui jJu^o '.'.*' "_9 • 'Lajjj P|J ''""^ f IJjisl 'LJx (J "^* '" 'j^!-*- 1 ^ 3 )«-a^L!l 
t_lj_2_j La ____;! (^J-a ^Lp (j^-iLa 2860 j^l^v) (j no Mill (2>C JtjjiLiuJI oJiJU jjk 

J i.-m (jl J-j-3 3 JljJlx. oJt>^ o l ^ 1 "" ^J ' '<3 ' r ij^j '-r'^5^ ^^ ' " '^> ij- 
Ju£j i^yjLjJl t—£j$J\ L*l!j Uranus (jjjjljj? 1-^3^ ^1 »l uanJI jljj Jl>-I 
CjLa^ijLA 3_3jjiJi, Jij^-^Jl (J-jj 1 nil jji 1 -iljlj ^Li r ' '^* a •— 'L_o>° (J^j! (_r^ Ui^i 

. JLuljJI t_c^jSLll 1 JLA (jx 
4—lJjJLII «Gljj^ «LSj^i3 (ji ijjjjjjIjjI i_x£_p (2>c 3_3j^j(Jll (_3jLSj>JI (JjJj 
(Jjaj jl i4ji 1 mo ."ill 3_cjj5j>J,| (J ^ js>-\ i_jSjS ____;! (jx. L^j j-J-sjJ (j no i"ill (J^>- 
.liilj u^ 1 .j 1 nil <-3jJ>J (jl (jjj i3j_u£ 4jjljj (_gJj^w(JI x-iIs^JI _jx. oj^je-a 
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Ojl J*jz (_^ r-j^vjlu 4JLSj i«LjjL>- (_yl£. I_>^" (Jr!-*- 1 DM O^-^'jj' S—i^-^ 
4lssg J>>- 1" r i\\ CjujjiJI JJJ3 L«£ i4-!^v 4-*jIjj JJJ3 L«-Lu (j no Mill (J^>- 

SUaJiJU jaje-cjaJI qjz l-SjIu mJJ-IIj " . - ^ . — . 1 1 ^L>.|jJ| £^j>JI £j\ aljj (jjjilll 

3_j^1o '*-^j- i '70 i_i£j£LII Ijlj* SjIj^v 'L^-jj «_ Ljj .(jjL«Ji,! ^j^'.'j /r^^v 

«_LaJij ci*_ije_) jim i"ill (J3^- Ugl '^ * IjIJla 4 luau JLitjj ^-A>J 'J Ojl^j] Clxj 
«_Lj <ic.j_cuj LSJIa-La tLu^sj^l Lulj ii n (j-« 4_qjj 84 Sj^o ^^3 i3jL>-ljJ! SjjjJI 

.«LuQ]| ( _ t s ^P-« ^Lp 7 
(jj^^il cW 3 ct^- (3j'"'""" j'-*^' ^ i n o "»- (j- u 3 J 'j w 3' S~i^ -lii" (^ j J '^jj 

jUJt <Ut <^S$£ . i(i i$mi 

njij-iiijJ! Jjj-»-JI SjJlII IjI LalJl Neptune o>1jJ s-^i^ <-aLiuj£l (jl£ jJLl 
diiill »l olr Jaa-V !il . »l o i nil ^^3 ^L*3 ojo^sj (J-l3 oJ^j-^j jjTill /<sj jjia 
<_AjS (j_a 4_il^i3Li ljui lj^ i ii ^j ijjj/jjljjl i_j£j£ jljuo (^3 '-ri> c ' ^'j^*- 1 ' 
(j ■■ a i ( _ 3 -3 <_Aji A^J ' JlJl ^ 1 0^*3 i " i j"i j<u i<_*j^J2Ju 4Jl£Lo Ij^Jl>-j J^js-o 
d_tl (<s_<-ol i^LlII i_c£j£Ltl I JJt ,jic. (jila! JJ3J .JjJ3 (j-a tfJJJLs- mJJJI (j^' 
(jjj 4 j mi_i (_J JJIj j_uji,l CxjfcLJI j-iiai- al 4JjJ (iji ii t njLoji^l j2c jL*_JI 

aJLC (_ T -3j njLj_Jl,l jl_C. (j-° J-^' 5_lA (_,lr O^v <i I jTcv I {jjJS VI i2_l I no Mill 

tLseJaujii (_yl^. jJ-i-aLcalj dlLlI i« La ."--»VI ^^>-J 

4_LalS 3jJ^ * '-^^^ a t^ n o Mill (J^>- (JJ^ls JJJj-Ld iJ ^ Q^IoJ t i£^> j y i njtj 

(Jjjjj Jjlj ^-IjJJ • 'Lj-i lil I ^^3 ^ILa ^ijp 5j 5 ^-1j3 3x.jjjiJ i 4j_u3j I «1_uj/ I 66 ( _ 7 3 
^ se ^ i ■■ 3_3^ ^J'^?-^' ^-^J-^ /*-^P (*■* (1)-*^ '^-^ ^'J^ tj^rr-* 4800 jno Mill jj^- 
^ ->■ , >> 1 1 ^j^ij^j . . ^jLt-ptC ^jl^-o-S «u^>- JJ^i5 'j^'^'l Clxj «Lj^_l« «L>-j^ 220 
oJijlj 1 1— i "j" a ^-LjJ i^j-ll ("s^*^*^' J j * ' a ' I 'J'ihHJ _^Lo ^A (_aJi 350 Jljlj (_5i^- 

i4j i ii «i ."ill 3^.jj»j>J,I ( _ T a 4jjI£LII jLi^'iil (J-231 j-A njjjj^j (ji jiZLtXI (j-aj 
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4_i Ja-peJ (jl J»j"i i nj Zjju^p ds>- (_jJ! Sj-fJ^ OJ^-* 0' "4 '^J^JI-Q ijl (j '* ij 
. (jVI jjj* (JjJaj (_£l ^j-S i_3^LiJI I jui <b|j tj£-«J r«J 4J| /<ii.j n^j*. <-2}Lc. 
JuSij JJj-J-i tj^-lj '*^ ^ 1 1 n'ltu 4ji ii$2j 4ij->- (_,-3 (jlj_ujij (Jjj-j-i L r~3^ lj-*^J 
K I m a i'l I m j j-^3 l( J|j-jl jJI ^yJI 4_Lo igjl'^ntl ^yJI iJjJat ojl JLa (jl ^S 
tjlus ^LiS (J^-lLo 2 3_3Lcu_a (_yJI (JJJJ-1 t-jSjS (j-o ' . 'j"''V a CjLiJjJ.1 /_IJ "-j-l^l 
.^p_a jnS (j^_iL« I 4J3l i nil tfjufc A-Lp (jr^-*" ^-^ 'i 1 **^ " (QJ 

Pluto *£tfil I m£ $&Jt . . &$Li 

(jj^JJ (ji Jlj ^Ls iSJs^LulII i_x^IjSLII 4JljJsl >j i ii fjJs Sj^js .-iIiK U ■>.! ( j_ a 

. 3-jLill ^Lloj (j.}L»-a (j-o 03^-° ^-l-*-Jj ljL»- 3>f^ 4j3L& 
3-^-j-i 220 t_t^£J! I Jlj* Jjj-S 2 ta '"j" II 3j!j^>JI 3->-j.5 jl I iolr lilj 
(_p (jl (_gl , Jj I U 1 1 j * .^»tl «L>-jJ (JjO ''^ ^-iij^ Lr^3 'J ■""^'^ C^o SjjIa 
5^Lq /j '^ai *-Lu (jl Jij V i4_aau (_y3 j I cLseJaxu <jJ3^ dj-"" 4j5 5jj^._jja 3jLo 

. 4 j> q a 
JlJ_o i3j_uS jL^sjl *-^lj (j-o JJ>Li i_x£j£ jIJla L*liill <ii olr i pi i n-»- JLSj 
i-Luj ,3tlU~.,„VI j_u^ jLi tfjIjLa (jl i_3_jjj«JLl (Jjjj i 1929 aLc (^ *Lal mi'i^I 
^_3 j,m ,", )1 (J^>- d3j^^ fdj J-Aj i^lLa jnS (j^_u_a 5880 jm Mill (j^. 0jau 

(j nS <_l V ^£l I (j .10 |"|11 (j£, I Jl>- I JlJJLJ JJjh < -T~5^ O^ ^J • ^i^J' ^-^ 248 

jJljj 3-<kJ i^p^ jl/C I 0500 (_J Jjuj V a ) taS (jlj Sj-ali. I j"« iSi? (j^ ^ j ft VI 
4_j_Lc (jJJal I Jl^Jj i jlj i M II 3-£LILv »l o i ii (_y3 S'ij.Via 2 U ^'. JSLJo (_,lr LJ 

. jj^Vl <_£j£]| 

4-lIa-i: J^£j i«_c2 Jj_ul ■»■ u , „ jj JJjJb S~i^ O' L ^-aJ' *L«ic J ii" «Jg 
(JLLlHIj Luj^VI (Jilo Jlx^cjJI jl i5Jjj i nil 3JL>- (_y3 CjljLc. l j H a 'LaJjZ <Lajia 

.42>Lwl!I t_^ljSLII «.l^s.l ^ Jis-jj (jlll cjL^jJ.1 j-j-*=-j 

g I lis iS «L_Ljj2j_u 4_l3 ^3-^3 LajL^- Ji_Lt_J1 ^J ■ 2!Li ■■ 1 1 (jjS Lx-1j-a^_jj1 (_yjl j 1 nj 

i5-j^ Mijtl S^j^JLlt j«^l^(jl i'l i"i Vj . . jj^Ij i_jSjS (_jJI ^ j 7 - " 1 " '(_P 3 J^' ' t T~5^U- a 
3_cjjij>J,l i_jS|jS jJS (_y3 sLjj^c CjI JukLikoj i_*jL^C (jj« j>Lij|jj j>LlLiL£ La (_p 
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4_a_LlSLj (_gJJ! i^^jUJI jt;p-jJI i_*ijSL!l Ijl^j _jjL2j o' o^-*- 1 " '^J i no iSJI 

2 a I c I L^J (j .ij I (_yJ.II 5-jjl o i nil aIj^j.'^I (ji ^l «Lxl»-ll (_>AaJ i_jjkjlj 
(ji_i (jVI 5jGl i n II fljA_i3 II a . «L_l»- CjLljIS I fe^ UJ^"- 1 o' (J-* 4 -^ 5 ^ "^ '^dJ^f" 

L^J Li3_sja_a (^ J2^l ^yi^ r«^>J o3r^-° 300 (__rJ!^- _j^ >* '^iiiJI »l<ilr 

(JJ-S-J (jl Lol aj^jcJJI oAjfc (J^>- JJJ^ Ct-^' Cj£I_jSjI (ji Jl_u i«Luijp tLalsul 
(jj^LlLa I j '"* Ij^j- SjLjju ojS^i jl i3jljj>JI SJijJlJo (j^SJLa L4I0 ''^ '^d^ 
. sLL^aj^l LjjLjjtJ <1^_ujI/ 3L_l>- I g^lg (a-LfljjjiJ (ji (jSL«j Vj iSjij^jjJI «Li,ojl3 

Ja^/I ^yl^- («-?>J <-a-t5 300 (jyJI^*- i3_u^j)SL!l 2 aJaJVl Cili ^j-^Ltl oJlj* _>j (jlj 

(J*C i"m 3Ll>- (»Lj-Sj tt 1 n" 4-Ljt-uiaJI L^jijiaj L^jjlj^*. 'L^-j.i <— <SljS I J « £u JL3 

r I ua.fl.II (_ T ^ ^£j-~>-\ flj I 1 a a. LjJLv tiJLui (jjSii (ji » . U 1 1 i jjSL<Ji,l <j^J 
(ji i_^c_jj-(Jj^LJI (^ /s-A-ij^j-J Jjilbej (jjjsi-l «L£j| (__;! (j^. J T- LcC ci^tjj 

4»&ll ^ ^>5J I yLdUl ^Jt . .SJLj 

(^ 3-i£jJI oLjjLSJLi J I i *-">! I 3jLv SJjUt^j (jLujVI L&lS a\1 Sjjs Jjl 

I0j_lJjjLi a^l.^tl S^jJJ i-.SIU? UjlLc 1972 (j^jLo 3 ^ lijLS .(jjSJI 
.SjLjajll CjLjV^JLj (__;Aii£ '-r^ SJlcLS (j^ Pioneer 10 
1 1 L<a j La a> p o Lta * ((/- " La 9 ^_t_Hjt^» (Jji (_- r jfc I j— ljj_»L» lIx-iLS JlJlJ 

idJLvjJI 1 _^j2jl1 (__All 3jl_cv^JI 2 .j . , ^ 1 1 cjjLij n_gj"iMill c_x£jp i— a I luS-L »" 
(_ t _l^j)^ (j^_i 5 < i ill Mill 3_3LtuJ,l (^ j nun (__rlll Sj_uSL!l cj L£Ljj£LI I cdlj ( __ r jk 

. (jjl i-a-all (j^'i-^J.1 J-^JJ J^ LxjJ i(_£_slJuJi,lj 7^J>1I 
(^l 10 j_ljjjLi «/_, SI Ja^ II jjHiJ,!)) (Jj^jj lA^LtuJ Cxxj <lL».jJI (jSLIj 
(^ 3_«_il1I.I 3^'j-° Cr'! ^La>W J^jlj ^1 iSiSaxjil JLtJJ i^^pjill c_xSj^ 
j I La *j (Jia^l 4j i no i"itl 3x.jjjj>J,I /TjLi- (__J1 "■ ^' * S-» At| j_ii>J,l)) «^jj| i ( _ > l3j'2l 
7t_u-aj IJSLaj iic:LJI (^^P^^Ll^lJiJMO Lo>jJl3 icjj^ij t-till «Li La^l 
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■ (jl i ujVI I jSlUi 2^1 ,^"a 3-j£j-a 9j-uti\ 
oJl-i^sjj (jlj JlJ V i 1 j_ujju ^IxdaAjl j_jjje-a (j! r ' ia.aJI si olr J cu » jj 
CjLuISLoIj CjLoj1*_o LgJjJ 5j I i a -- 1 1 ojufc (jl u^sjJu i(jj£jl <_£ La 5j I i a a. 
CjL_LiLSJ1 (^l . . ^laj 2l (J-Al (j-« ^ULi-uj Ci t - i lpj /cJ (j-*J ' g I uaAJI (^JS j -^ i ■■' ! 

JjL-ujJ! 4 i uu LgJLi SJLjjJI a'jjti cllLus^ jJs j . (jj£L!l ^a ^js>~^\ 3_j£jJ| 

Lcl i nil ^tSl t*l mi 2 g I ' >* ^ 1 1 i U ^ ->■ ^ (j£jj * Lc ^j^~» ."■ LflIo.5alj (jl (J-aLj 
i_d_ilj_3 j . (jL>-Ljj/ (JjLi /j *^^j « »l /ySl la^JI <sJL*JI iSJL-ujJI ojui [ft-La-i^aj 

SJLojjJI c^jLibj jlSJj .(NASA L-uLJ) 3_i£LjjjjV| «L^AJ! SJL^j (j-a <^L>j-5 
23x15 3_!Lu/jJI (<s^ijv *-Luj 1 10 j_ljjju c I JaAJI j-iUJtA (^Ijji jj-aLc Jji_9^ 

jjjm-a (2)1 tiJjj 4A^j_La^J^i Ij t ukjJl (j_« 4S_»_u_u (j_« ***" J ' '^ rt cr^J '^M - * 1 ^ 
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(jl_i i\ oUII JjlL*jj i(_yjvjL>J! plj_itl (_^a '^^- ' "'J* 1 ''"' <j^-)Jl*Jll (1>^* Ju * (J^" 

. (j^ ! i nil (j-u^U, i^Lia (j«j (JIaj i " 3JL-ujJI I gjlc (jiiSiXI 3^>.^ill ojui 
(_gl (j^-Jj 'o^J^' t r*^>^ tjl *■> i ii (j^j 4^j" Mill SJLilLj SJLjijJ! i2j-f£ jJsj 

.^JaJI 3JJ L$Jl hjjSJ! <^£ 2L£i v2jLuK 
S«Uj^JLII SJLjijJI oAjfc cjujjjt^ ^^jk La (3^Jj 
3j j cjLjjJLa-o jl i ii jll (_,i^.i (_3-^ '(1 3-(_pL<i) Sjj ua II (j_o ■» ■>»"■_' Lo 

,j_aj . J^>-lj (j^JJjJj J^>.!j tJJjJlSJI i((jj^ll (jr^ 3j^ ' ^ '".' U^JJ^ri^" 
2 I ^l^v I j"'~^J " (J>^ 4jSLLjiV CjLiiajJj i±jjljj (j^>-jj JljL^JI Sj j (jl i_3jjjlII 

3_uL\!l (_y3 2 i a ■ '■ (ji^jlo 1420 L*jji^ 3_ijijij i(<taLJi,l Jixj j-*j) j'oj'ii n 

. <&l i ii ollj (j-ojJJ j-aj (jil i dl 'j' a i(l!^jJI JixJ >*j) 
O^jJuj HJjSLII (_y3 IjLiijjl ulilj jJI ji^l (_yji (j-La-JjJijL^JI 3ji (jl (J^p-j 
J '^~ (jl J 2 j c I (j^a 4JL9 i(jj£LII «Laj| (_p (_y3 J-J-«^J V «uj_LiII a j J a a (jl 

jo^jJLi JiU-i >*j) 8 Binary l _ r i\ uuJI ^LuJI (o\>-I! J^o 3JLu<jJI (J^xj (_,lr j 
jaJSjJ! IjLjfc ' .'J ''".'J i*Lxajil! j-pJe-o (J^is JJLso ( _ T lI! (_3-*J V 1 ' ' O^ 1 ('000 
j"ioj"m 11 168 /tjLUI (jjSLiS i(j"ioj"iii 11 21) (j\s>-^jju^]\ ibvj^jj^la 5^1 1 11 <n (8) 
Lai .3ljJ,lj (jV>»jJl 3j^_co ' h\a* I J 1 "j jJljj (_ t ^Ji p ' La^Jt cL»Sj-a u^* 3 3-^J 
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ajjtiJI ^S lolji placl 

t^-LLa^-L i Jl 3x.jju>J,I (_^Ij^J!Uj ^^£1 i3JLj/jJI J^-ul ^ j^tVi^jlil j-jIjjJI 

(j-O JJljJJ .j»l n'lll <_*£ljSL!l LgJlXaJ (_5-l^.J J I ' "jll /- '^ai ,_<i (j ,|Q Mill J J Lajj 

i_i^jS) j.m Mill ( j_a (±JLl1I (_*£j£Lll (j-a (jIUI Ju3 uLlaAll jjljej (ji 3JL-ujJI 

jjjj^LtuJl t t£^a£Ju^_a (ji Jjlj dj i no Mill «Lcj_oj>Jj JjLLaj (J-* 'Kj-*' (*-* '(c^J^ 

. ( _ 7 ^vjL>JI .- LUxaJl (_j.ll (jlla ilj id_gjjljm (_jSjS) 
4_jl Lj*_l^Ij LjjJjJo Jj_t_<j3 i3Ij_Uj (J^vjJI i(_p3j2l (jlS i n Lvjj^-i Lai 
. . (_ 3 _Lo T jJl <>JlJ *-J3j-) (J-^H^ L*' ^"oj" i i n I 68 ^1 if\ L^aAJI j-jHje_a J^Ld (^'^-^ 

j_j_«j '.-I iAAJI (^ SJJsLuM oLs^LiJ,! (]^c. ci^tjJI (ji cf^p-j . a^ i nil 3-a}Lc 

Ijlj* IjJj^cj (ji Lo-j!.} r ' i^3-aj| »l olr JjLxj I jJ .(jLtujiL! j<uJl3 j<Jl>- (jjz 
Voyager -22-jp. Lj_ai3 (J^-M "-^VjLsJ.1 aJJt ji-T O^i .3 ?jS-»- ^1 f«JL>JI 
1 J " i J a I i*aj|j I O-j—ljo-jLj (j^ lj>Laj _>-" ' U^3 ' ' ^^ J .' "*' .' ' " J&'~" Lr^ 

L^jT i^LiaiJ! ^ Sj-iiiU t-c^l^SLII <>u>Li J^b 3iaL«JI 3LpJ1 ^ <±^tJI 

L^J^Ja <tsL^a 2-j^vIj_jJ3 » La 23 i_3j i n'q 1(_ t a1*J'I d^ejJI TtJjLi (__r3 <il»-j J^isi 

(J-uol^J fCJ td j i n o i"ill l_Li£.^_oJ?e-a i ol^S Juui (^1 (Ja-alJ^La^LjS (j^_tLa ^880 

(j_a (Ji_j^LjJ1 » La 2 j I 3_lS1 La-dJI u.3jJl>- 7TjL>- (_Jj_c£L!1 L^Jjj i na till j Jjlj 
(_LaI *l J_Lt i i j se-j i ii "t «L_iSJ> CjLa^iJtA (j^. (jjl^J cr '-^ t^* 36 -" 'Cjl^p-aj-LiSLIl 

.(jjSU Jj*$\ oLSKJL, JL^uVl (> <>jVl 
iluiSJLoj ^Jiojj i(_jj_iSL!l SJU-jJl oa^J^yJLuJVI t_uL>JI (jl jJJl^Jlj 
j_HJ i Llj^ai (J_<kl (j^. 3jLu (*$-! L4L-UJ-1 LjjLpo) (Jj-23 (_ylll 3jl»jJ,I /o^^l 

a^I 1 11 1 1 VI (_,< 1 n't Vj i2jol 1 11 i-aljufc'i/ 2 j 1 no Mill L<jX.jji^a 7TjL>- LlSiLaJl 
CjJjtjjS sLUaAJI (^ L&j^^jj (j-a J^>o Lajj 1 ^ 2j 1 c CjI oK cdJjj . (2jjl Jj-aJlj 

iSJL-vjJI jsJl^J j_uSJI ^^oIaJI i_xJL>JIj .Q^y^] (-jSj^tcjjLj (^ «LiI pjijij j-^' 

4 ii m "iSl La CjJl>-I jjjjUJ 2-^>U^ I J^T- ' C7-^' ^JJ ' I < *>4^V (jr^ (j - *^ 

4_ljjjJlSJI Cji j 1 uLa. 4 "1 111 Lg-j-L: i_3jjIiJJ isLuj^pSlIVI 3j^>-2l (j^ (aliJI 

4_LvjJI oJ_a (ji 3_jjij_i CjljJj_a 4j^Lj (j^ I j"al U J q"i , M " Lo£ if^j^LiAoi) 

. f I ua^Jl ^ r ^c (_^J3 4_j_oJjlIi CjI^pe-UI /c_Ai (j_a ^_pjtj 4_jj?tJjLlI1 



^Lj jsc-p, j m"im (_jjJI S^jj ' — ■ 1 1 ~>\ 1 n-val (j^ 4_ljjJLII Sjzjji^J,! dJJj (jl 
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Lx-«j .(J^qJIj «Liii3LlJi,! (_>-^*j LLo [jj-'i i m") n_gj"i Mitlj *j-ll /.-iSji £yu i j«Jl3- 

(j-o c-uxajj (-JaJejxti Asteroids CjLSLjjSLII £yl uajj iSJI I jui (jl «U3 dLu V 
3-Cj_o^>JU (_^lj^ (j_o (_^j^ (_£J ' _* j i a ' (jx. JJLj V t< al mi^'i nVl Cj\A or 

*L>j) j<uj<I Ldiill f.L<iLc L^jJ^- (3^' * <ji> LoSLi^SLJ 1 (j-o 3iSL«JI ejjtj .2j i no ljJI 

tl_L)l JliLLLi-a (j_a (&4J 4jjJls-I La i .j i n J . L$j Lcjj laSLk) La_Lul (»l o i nil 

-JjioL>JI CjJSjJI t_^L>--^J^. Jul! J . SJuJlJI Sjjl I nil aIj^-^I ^JJJ-aJ Cj LlLiC 

Jl>-Ij j2js 3^S CTV L^aLjc^vl 7-jl^pj CjLSLjjSLII ojufc (j-0 LaJf £jjj ■"■■'- ^l^- 

I gJSLlj L4I0 (jru^U.1 ijJLufc (jl «L1*J! juc 7^-!>I! lSIP'j '>" >^ 800 j 

. LaJl^dj (jS_4J 2 Li*_pe_) jJLljQJI (j_« 
CjLLflJI (j_a cLg,j-»je.oS i(j 11 i"ill (J^>- jlj^« (_y2 Cj LjSjjSLJ I aJJt jjJlJJ 
r«-aj I j" l » - ;;k' -" J flJ (_y3 3j_pJI 1 _u 1 n"t , r I ,>.Atl ^3 4j*jLu/ a 1^3' •♦L^P.S^' 
1 Lfc^LjSj Lffcj_L«_c<3 iCjLSLjjSLII aJJb •" la » "j . »l oUll j-J^eJ lj-»J JS luJJ LJuj 
m£JU1 ^_A (J-S-b ^ J la Zul 1 Jufc (J-ujJj t(j no ilill (J^>- J^& l -^i> J -* i Ct^ ^-^.3-3"* 

ojlj^o «U cjLSLjjSLII ojui (j-° 3j^>-Ij i_p ol i_H '(j<"» '* il (J-^* - 'j' iJu ° "^ * jL ' e -y 

4_Lljlj 4j| *LCJJJJ>J,L> «LLiJ^J V Lx-lli l(j .10 Mill (J^>- 4_j£ JjJJJ "^ (_>-3L>iil 
A USU LA JJl£ ^ '"'■ » ' '^Jj mil I J & J g la I -"" (J rt J 

L^jj-jS 1 a ->" joj iJa-j^ mi II j^j-a oLj>ol (_j-3 CjLjSjjSJI JJlC JljI^jjj 
l3j-«-J I Jl^v LoLa-JijI (jJaLcil jSi (_y3 I J fljSj "l^-jJ ^"-Lp ^1 (j^-!j ' 4^JJ^ 
i_2^L-aj (jl (jjj djI^JLl CjIj miT L^J^Li. jju (jl (j£LoJi,l (j-a jl t»l i^iiill (J^j-u 

. IjoJj LiSjj^ 

(jl 4-lS-LHI CjLjiIjjJI (j-o Ttjiajl LoJlJc^. iCjLSLjjSLII ojui <"<ii m'iSI Ji^j 

(_^IjjJI l*U j j«_o (^^jLtlO «Uj^c. jJljj n_gj"iMiU jl juoj /*i>M j'^J^ <j^ 2^1 1 <A\ 

j2jll I jui (^j lA-LLO^-LaJI icLJJUsJ.I (^ mJj^^I t_c^ljSLII 1 LtJ I (>U (SjLlll 
lLzlj v-oj I ^ , ,."S1 .g< j mi Mill <l£.J^J>JU ALk^-U iJr J-uJuL^J\ J) < mUI'JI JUU^-UUJ (^jjl 

.1801 j»Lc ^ S^o JjV v^LSLj^SLII 
^pJl iCjLSLySLH ajjt cjIjIjlo ^ pltv.WI ^j^ dJLLill ^Iplr t^^V j^sj 

CjjJl>- (JLoIi>-l (jx. (Jjl i n"ill ijj Lufcj i<liILoJ>JI (j-a joJLc i La i uj aI^^LS jJljj 

4i i n"ll i iSI aSLII CjIjI Jlxj CjLSLi aSLII j_Ui, CjIjI J^a «J2l2j < » i r n 1 '"" aljda-L^al 

.-.I al. i U ,^.VI ojtjfc jjia CiJl>j (jl Jii'i ii U (j^ (j-"jJ 4JI ^ a-LajJIa .,_£_j_i£LII 
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(jf jl c JL^o-VI I jufc 7^J->i V 3j<lntl (>ulj2JI jl VI iCjlJSjVI £yl C^j ^ 

jl Jla jl Lo i jl>-Ij ^j" i ii a (_^ I j»ji"^ cjJl^o V (_jjjSL!I <_j£IjSL1I cjI£jj>o 

(_gl jl J_a i£j)~ i " a (_5-3 J! (_K>J 3 1 L 7~3^ J''J La l£j" ' " ° Lr^ f-^i * '-r^ii^ l£' 
aj\ J-O (j-fl i_^Lj^ <_j^jjalj <J1>Jl». lilj .2 j i no lUI <tcj^i^JU iJ& js>-\ "-7^5^ 

3_al i n-oj ji-VI Jj^s ■ 1 j '" Jl>-IjJI i oji n (Jj ^LjL2jj (jj I -i j ita ij^^j^l (j-o 

i r I i>iAtl ^^a «LajLxJI aI^JS^I aJJt jj£, CjLojLlU *-L3--yTj A Ij i nj Jt»-j3 Vj 
jLcaj^l (Jj^Ia (j£, (jj5LiL>JI CjLl£ i>-Lo--yru VI n_gj"miUj jc-^JLI ( _ r j£jS (j^-J 

. ^Ll^j^I S^SJI <jJ3^ (j-° S^jLuJLI 
(_JJl^ j_<fc iCjI_j£jjSLII aJJb <L-ulj.J (_^ idiiill i\ n\r JjLSj 3J£LAa Jjlj 
43jjlaj ^jj' LaJI <Lul uata]| a\ i n-val ojui (JlS i"il «LuljJ SJjLx^ ^^3 ^,'J* '^^ 
IjjJs «G-3Ui£j 4x^>- ^-LjJ f I i^aAJI j_3 p i ii-v (_gi (jl i_3jijjiil (j-*^ . l^-cjj^j 
J^l^c j-uLLl L*l!ij i^IjvLc j| ^Lvl (jj LjJ^ ^*v ni JiitjJ (jlj Jj V i LuJLO 

S-jjLjijIaJI 3-uiL>JI (jjjs J-«-«3 *u 4jeJ — ij 4Jl£j? jSLiiia i5Lul jJI 4-ujL>JI 
I jSLaj iSjjlill (jSLaV! ^1 L^jLia i_i jlvj SjjLJI i_a!jlaVI aA — "^l** U^a 

/ySI l^liJJI >n i n->JI « j i aj (_,i>- 3jL>JI i—S^v^l SjljJLul (_ji^. Li^cjjJj (J-«-»J 

.JfLiJI^j^ 
V I j Jl a i4jL»JJ /oj*j>JI 3j_l«j-3 L^j^j idiLSLjjSLII Jaj^JuJ 2 j . nilLi Lai 

(OJ (j-oj ' 1 J_;" JlJuJI (_JjJ3 Ct^- l - r ^L»^-II (j-° I 3 iS 1 ' L* £ ^- i '^" L?3^ (j-° '— LlTt.C-1 
jj>.| (JSLjIi (_gl (_,i^. J I '«lljt-~ , ,. ^ jl cQlLo jl «UjJla j I 4jlj^o '" .'^JJ ' ' j a 

. L^jjSj JlJLo «Lj£ CjJl»-j 
LgjeJa-iJii! (jl Lo . d -i t\~ ' ^ j_lC (J IS miIj CjLjSjjSLII ^j^» J ^jlS Jl>-jjj 
(J S, i"i ) c j uaJ I u ii S, < "t *Lj-5l ■'*■ all ^1 i n-v^il ojui jLa (<u (j-oj Sjj" i u a j^lc 
Lg-i^a-j-i ^ ii Si < j Lo_Ll-lS i - 1 JanJ I ( _ T 3 ?r j i aj ( _ 7 jJI aIj^v^I (_^Li (jx. • allied 
(j ii^ «-l V L4I0 jj>-VI (_pajtjj| (jl Ji^>o i4Ji>^tlo SjiJiiJ 4_A^. 4Ja£l_tuJI SsuioVI 

.(Jjj jISj V baLi. U^juo VI 

i_a^Lc 4J (_>ujJ (_g JJI-i_AjSLII •» La 1 " (j.9^ (j-° r j ''"M (_>ul^j>jl Sjjs (_iajj3j 

-•■1 II jl JlJSO diljjj l^jjj (jyi^J -■•* U SJjSUI jljll t_*J^3 ^yi^-^^V 

SjvjJLi i^Uk 3Ual ,,.tl S^LbVI <_>uSlc: ^^k: j^Ls Jiji^JI (j-a ifljiaJ ^ La » 1 1 
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. .Sjj-u 2] >Je-i*aj| jj-* ^-«LtjLA "^ la i " (j-* ,> J ^' 

iJj-Sj T4_ul JanJI aI^JoI oJUfc dujSJi 1 iua .. Li^aJi L*iiill »l olr (_)»! 1 n"jij 
i_jSjSL! CjQ£ VI ( _ T ji La 5j j « 1 a II <LiSl uzJll] *\ 1 m-vjI oJUfc (jlj i«QjJl>- 4j^Iiu 

(J_J_SJI p U> LuLa 1 r I Jxail ^a 5j^I i nil aI^js^I oJuk Jj-^I i^SLj 1 1 j aj 
L4I0 oj£<j (_yl!l 3-jUI (j-oi-i (j-o Qi^-*-* ^' L r*^*i9 ' '-4-'- ily^-2 cj-^' 3-iUI (jx. 

J£ <j_a 2 a I "■ >, 1 1 (jjLJLlj j-se-uaJI <j_o » U a V! ^-0, Lt3 ..(jlsjVl t_c£j£ 
iJ-lS 1 L#J S^^vj^ (jjL«J,l (_gl 4J3jJI <t>-j (_,lr » La-aj (j? LuSLx-i Vj iaLjc^v^I 
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ajjIuJI ^S lolji placl 




■'■'*! Jjjj-LiJI 3j_»_a • (8)(_P' ui 




.f£ 200.000 (jJl^s- 4J>1= j-iu <. .imiII ^ jlill 4;,, ill :(9)JSLi 
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1-igjuJI ujnjJIj Od^~" 




4,11.10 Mill Sjljj^JJ :(IO)JSLi 
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ajjIuJI ^S lolji placl 
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1-igjuJI ujnjJIj Od^~" 




jVl 4jjjUJI jLLai :(l2)JSLi 
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ajjIuJI ^S lolji placl 



o 




OjiJI Ja 4JSUJI cU5l£JI (jJI ^jVI 5JUj : ( 1 3)JSLi 
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l-igjwJI ugajjlg Od^~" 




J V^iJI :(l4)JSLi 




(^j^UJjUil 4».jll)>»51l ,\j>.\ J-L^>LS:(l5)JSLi 
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ajjIuJI ^S lolji placl 




jjLLc v i J S:(l7)JSLi 
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»I^9 JUUL " v9^-"9 U9^' 




,j-u J-«-J J ^J-*^ O-A S<^i LjJ^ ^tLA' < T"J^ ' ('SjjJS-Jj 
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ajjIuJI ^S lolji placl 




i>jl_*^l ^j-o 4jMj^ l>">iIj^I : ( I - 1 8 ) L JSLJLj 




bfii !>■ "J-^i OjV 1 : ( ' 9)J^-" 
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<££4\^\ ^M fpk 



(j_j^_j_» (j 3c Mil > j i ntl *L>- ^_^>- t^LaJuiJl (j-\_jSLLilj 

i(j no ."ill (2>« jj^j. i£.L*-"i o' ' 666 aLc ( _ T a i a liuSlj 
Lu I L*JLi 2j . 7"3^ l>"-5^ UJ^ o'_^ ' 3 JlC ^1 (JJbcjj 
(> yjj| 3 j ifrlj-ll jjljJVI I i 7"j-^ U-"3^ <-3jJii Laj-*^ 

(jjj_LJ (^SLaj JulIj •j_r^' t <<<<'< >]\ f*J (_, I J ' I La Jjjj^Ls 
LCM mi ^>-«l (jL) ii>^_Qje_« iJr 2 7~J~£ L>"3^ »— ll JL>- 1 ^j-a 
(Ju_*2J jj9j r*J '^* J I 7?j3g£ t iJ7 s^-L>-j j^ ill i a ^^^ Lu^xlo 

i Visible Spectrum ^jX\ • a^talj s-j-iaJI L^jJI Jij "".' 
(j-C A^Lil! - j ' a II (jLj i—ijiaJI I Jui CjjJl>- j i u fljj 
(JjSjj iji-l (^J^is jju^a^ mJ| j^c ji ^ULo (j no i~ill 

' la i --J (_2_3 j-4-i L«jLJt£. ^§j^>- 2l (3^" #** (J^ e ^J- UJ 
CjJlxj (_gjjl 2 flUnaJI u^£ $Jb 3->-3-ll -^-^Pj ' L^jljJAl 
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/_djlaj| (J t Ajc1II jl j-«- a? i aLUll jl^a. 5Ja i ulttj i2 nl"-%JLl jJLLaXI (j-o 3 u lill 
i^jjUJI l^'ilLa. ^^3 (_yjfcj T?-*^ Lajti^. j-coLl*JI (ji Jl>-j Jl2£ . Spectroscope 

3-L^ • •■ 4_flj^_i3 3j-&LlaJI oJLA CjLufc JLSj . 4j «LgoL>JI 4jIj.}j3 j uaJ£ (JSLIj 

. L^jl£^>-j \ i:s j~ *"'N j'^ 1 ^" Li^ajl l_L»J| (Jib «u! (Jj i ^i i aj&a i4_Lo f-^j^-i L<» 

4^-3 dljj-i-u IUjU-^ 3_<u ^f , |8I4 aLc: j^^jjlji (jyJU^I (<sJL«JI Jia-V JL3 
i _ T 3 «LLl*_« j-col_t£. £)] ^_& i loj la -^ 1 1 QjJb iJ7 JiJui (jl cu ■*■ »>>"lj jno i"ill ( d-ila 
Ottla-jJ I ojut Cjj^ii dlli ' / 1 1 "jj , i ^jUll £ys f.e ,'^\\ ,-. ,^r. *\ jja ^ ,iq ."ill a> 
(Jl^la^l 0^J-«J (3^"-°' t<Ua< flaleJI (j-o Jojia-jJI i_djj *Jslj^ Jjji^tjjj . «l JjjjJI 

(_,!!! ^Ijjia^U 4_l»-jII Jl^Ja^U SJLiLLla L^j| ji^jjlj^ J^JJ •O^'j'^' Cr^S 

S^JJLA (jSLoi lill jjj I ( _p3j2 I (_,!£• S^J^^Jtll L*il3 (JJ« J_CaLt£. Sj^jtjl L$J I±*J(JJ 

.JHO l"ltl ^>- iJ ^ 3jl^>.^Jj ^_i-^Ll*J1 

,j_a JljJjJI p>i-I! i^jLaLil^! lr CfjM JlSj niiiaJI fj>3 (j-a dJ£: ^yji: 

.Q^SJI (jx. SibJi^JI CjLj^iaJiJI 
LjLLaJI »l olr g-l t»* . ..I ij^jcJJI ( 2^c aj \l ,^.tl sljj^s'i/l i^Lilaf SjjiIjJ (j-aj 

.TtJI ajj 'j uaJlj (J^-jijJljL^JIj (j\j- i nSj^llj ajj i n if LHIj ajj i nli£Lll 

' a liiSj p.1 ■ ViAtl'a . Kj , ,.^ (jls (jjjjjdlj , aI u-^. ^^a^pjiij JAutK ^K 1( ^ ; , M || 

1_4j0 j-lTLS-J (J-J3l aj^jc_LII (^c i_3j^jiil (Jl_)^ s^ i JJJuu" jjILSjj ojIjjjiI (j£, 



82 



(59^1 jjl lSJLoII |dl1c 

a\ i n-vj i dl 'j'a dJliill »l olr 4_iLv (_£JJI j^IajjiiJI (^SLj I -i j a j i«Lxi«JI <-_iC.jJ 
q\ i Mil jl Cj 1 j I \a S 1 1 (JlLa t i_Aj_lC jj-* ^>-"' '(^-^H-* '-■"'J ^IjJj-^ <: ^ J 3^ 

. A^?c_ul 
CjIj^>J,I ^IjjIsI (JjJjcjj-Q^SLII - gj i ulj 3 - I Lil-cdlaJI »l olr aLs LoJii£.j 
(j_o Cj Lc j_<j^jc_a (_gl i(_yol '^~ al i 3 l—Ua I L$J (jl IjJl>-j j I jj i ni LJ 3jjL>J,l 
( _ t jJI j-i^sLuiJI I flJoJEja j^c 4juvLlII (ji^jjlji i Laj laj.) tljij-tJI 5j.la.gJ I 
.4_lj^JL!I a_j-^1!I » (j no i"ill l-sLlLsLj ^ Jj_' ui i—sLils^l oJLA CjjLSj . Ly^o-j 

Cjlj^>J,l |_gj"l I n a (_yi^. (J-"J-I '3-iLU (_y3 Ji-pl (_yujL>OJ a I tVnl j_ic (JjJ Ijufcj 

. Lt-Lo--v ojSLi! 4 1 1 iiitLi (Jj imi nT^ 
lj_ol Edwin Hubble J-ok ^jl ^.jLjj-iAJI fJUJI Ji^V 1929 fLc ^ 
(jjJJI J^c-i «L>-lj_Lo SJljjijJI CjIj^>JU i—aLJai i Laj La a. «U Cjj^ia jJia i Li se c 
r-lj_al (JljJal ,_L£ Cjjljij! dJJJLij ijiul Jj -" la ' a J'C iSu i< fl-iLaj| (j-a j-s^v^l 

.^i£l Li^. 5^>JLl jjlj q\£ Li£ j-j&i 3-*L>" <>'- ,Lji cmI^j nJiiLcl < 1S1VI 

«Lx3 ^1 «U (j'SpJ '*J-*-° (j-Ucujii-j 2jLo (j-° _>-"' «LuljJiJ (_Lui (sJLtJI aLSj 
j^e_» lJi_lLiJ1 i laj La >■ 4^-ljl ^ji J-Aj t«L_ulj Jjl 0JL& (j-^ glial i u t nl ^SLc-J Ujju9 

. 5j^>JLl Jjlj «_o UJijJa 111 "Lu-j j-q^v^ll 1J3III 
Lajii£. -"'j »^tl 4 S 1 1-» (jAAae " Lo 4JI cLJlaJl! •» ilaJI .3_Li_ui i_jjL>o Jjuj 
r-lj-o^l J^c-i 4-t^JaJl 1 laj kijj I «L>-ljl j^ . ..*"> ^JLJj l*U jiS iOjJ^-iiA Jj>j-jJ 
. Li£. JljlIu Sj^>J.I ^1 jJu-aXI jL i^A^'i/l) SJjjiaJI 
^j_a 1 g ^1^ ^J j , ^> *^ T I ^jSLal t^ul .>* All a! i n"%. 2\ ^j-^ LijLa^lt_a -^ la * a ^j! 
jtjjj (_ 7 jJ!) gl^ ■ n-tlal '*"JJ gSUI CjLcL«ji5lJ (_£^>-2l (JlSLialj 1 c j 1 a 1 1 (JjI^o 
^ j La-jJaLutXI CjVL>JU )«_o-Cj uj^pSLII LJLc-5i^a- i"ill CjLjj_^j>JI (_L^.Laj (j-o 
(Jio i(4_uj^Sj 4j 1 imWLlLo CjVL^o uz^C- lSJ-^* Ct4^ ("^ (j-°J ' r ''""^^ t_r& 
(jLi Ijlj 17C-II ..?lj_<tJ>JI Ll^^o 4 < i"ialj 4j m 1 nil 4j(jli2lj JJjIjJI CjL>-j^ 
«L*_j_lLd ^_A La t^^l i n" 1 LlAj «LjS_LlI1 CjL_u1jJJ1 (j-*^?-^-!' jjjjL-ui ^_A pa-LlaJt 

S^j 1M1 
2 < 1S1VI (j_o *j-^-j Energy 2 SI la II JLSLil ,j_o J*C 1' j_<fc «j_ciaJI (jl 
j<uj| L^lLc Jj I laj CjI Jl»-j (j-o (jjS^j jjij 1 Electromagnetic 2 j ■ ujlal ''"Jjj^ Jl 
.2^LU 2 , >. , \ yic (_gji>o L^-La (JSj Photons CjLjjjjIII 
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4j>jI<2Li (__^3L>JI Q^jj^JLa hjjjjjUI a <jjt^ < _m n->- 3Jal_LiJI 4_l«£ i ^I'-^'j 

(jajii jjJs i3j_a ((j^_iLa (jajla) (j^jjj^j (_£jLcuJ La SJsLLaJI (j_a dj 4j m i nil 
«jO» jojjiI I goKS (j I taj 3jJ>ji CjIJl>-j jj-a (jjS^j £■!< miVI <jl . jj.ilj-11 CjL>-j^ 
^^3 I j ...,;". i_Jp LgJLs 1 1 g I a i_al£ jJl^. j-a^>o La I ilj hjjjjAJI jl Quantum 

(0_J (j-a J i L^J (_^L>- iJ3^ L^J CjLci * uijtl (j_a Ja*QJ (_p 4j*.j_aj . ^>- j_a ^JS mi 

v^jLvjII v2jIj cjLcU^iVI >Li*3 i43l>yi JI^LL p-U-iVI ^le. l^jjuJ LoLa 

CjLv^JLI iJr Jb (>J 0^" ' 1 ■■ j '"■*" 3^t_l (^l jLLa^ll (j_a * 3 2f i ^ * (Ja * (j-a) ^ JJ 

j Mif (j-a) LgjLa-j-a Jl>tai f lj~ (j^JI CjLcU uiVI Lai iRadio Waves 3j_jj.}IjJI 
<l * uiZ\ ijy-^> \j~ aj"i '1 1 'ill (j-a *0~?" *"" ' *L-iLa (j_a ^1^>.i «Lul_aJ ^Jl ^"1 aj"i / 1 u 
(j-a) dlli ^yJj ^yiil StMi^/lj JnfraRed i3jjlj^*JI 3< uiVl ^1 slj-«j>JI c^o 
r j JaJ I (_5-A (j"i on i 1 nil (j-a i_iJl 4jLa (j_a 4-*jjl (_jJI i_iJl 3jLa (j_a 4_uLaJ 

.Visible Light ^jJ.1 
i_Lu ^ylll CjLcUmiVI dJJj 1 Ultraviolet 3 _.-> . . ■ A : . T 1 Jj^a 2 1 .^l Jj^jijj 

t(0 aj"m nil (j-a (j^-ila (j_a Jl>-Ij (jjl L-flJi «LlLa (j_a 4jujI (j-a) L^jLv^_a jJI^IdI 
(j-a Jjvlj (j-a) X Rays (j-u£l 3*miI ji ^-lLllluJI 3< ui2(l (_£JLa dllj JlAJ (jJLjj 
( _ T 3 dlljj «LlIL1II ^JLji^lj i(j"ioj"i 1 nil (j-a tJiri-L l— <LJ 1 (j-a J^vlj ^1 (j^jla 

L^jLs-j^ J>^ ,_Laij)Gamma Rays LaL>- 3< uil *u-uLi iaj^^jdl ^yi 3^.^11 j '^« 

. (j"oj"ii 1 nil (j^ jj^jla (_ij| (j-a J^-lj (jx. 
L&^Ji^j x_a I j 1 nSr c-u "Luj i«L>-jJkl (Jjia (j' ''^'^-N ' '.' ^^^ 3-* Lajaj 
. 7r_i_-^.i-a (j nStllj oj j 1 a 3 L^JI^lal OJ^ cr^LtJI ^Ji^pJI Cjli CjL>-jJkl (ji (_gi 
IjL&j i(Cjujjjji!l (_gi) L^jI Jl>-j JaLiiiJ jlj i«L>-jJi,l (J^la j '^ a I «ilS 4JI LaS 
i4-ij= 1 ■ ■ A *» . T 1 ,_^3 'Uji'ill (_j^>-J gljn 1 nil 4juI/ 2 Ij LaL>- 4j(jI/I (ji ( _^ C-uj nil JJk 

3_j^jjIjJI 3 » .SiVl (jl (j^^ ^yi i3_l^JI v^jLcjKJI 3^c^ujV i_a>LiVI Sajj^ 

. La^LUI Lftjjjj V (Jbvjl I SJL^) 

: ( _ T Jj Laj£ L^JI^lsij diLvjil (j^i_iT-l"t (jS-ajj 

(j^3 |jL»- Ij j 1 n J Uj^v JixJ (j4>ll *J-iiaJI (ji (20-(J£LuJI) (j-a Jiuv^Lj 

(j^ 4JI (_gi 1 LaL>- sUjI/Ij jj^IjJI CjL>-j^ tjr\j cLu-o-iIaLLii aaygSJI 4j>jI/2| (_JJla 

Joi (_,JI 3jajjljJI CjLvjJ.1 (j-a iCjLvjJ,! J_jla (_y3 «_<-ul^JI ^jdl I jut tlTV 

. I Jl>- (3^-^ ^i?-^ *] tjL^"- 1 ^'' -^C- J tajj] sL-uL>- ^pl-JJ V 1 LaL>- 
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^gj-iljJI lSJLoII |dl1c 

• •• ♦ •• ^^^ 

(j^j^UI i_aVI_i Jlju a^cJJI (j-u J'^"" (_7J-!I SJjL^JI iiiLal i nil c^-ota La 

(_^ tI.l1j.ILaj I jS 1 1 CjLlo ^1 J '^" Ju3 L#ij^>o CjLcj_<jj (jLa tCjIjJLa jl^CI! (j-o 
iajj*_LH CjLcjj-u o-"^ Lt^ l1<jJlj>JI dJIiitl /nlr (Ji-JiJ jJi!j . SJls-IjJI 2_uL\!I 
i2-uL\ll (^ jILo »Lj£UI (j-a ila-j ■ - ■ • 1 1 «j\j>JI jjLjtij V Ij j & ljL>- cJiL 2J3JJ 
.r<u>o (J£ (j-o jjL^aJI rj Jail i-aLjlal a\ JlJ-"i i uLi dilij 
(Jill j-goLuiJI 2J3jj<J, dJLLoJI »l olr 2 Ij i uj LluL? '• fl-JaJI 2-<-ulj.i (jl Lt£j 
. a j ^ e-'(J 1 «lSj_j*. 4_£j-*_u j-'^l f*^ ^ i --J ( flglajl (jl£ tiJjjlSLs tAjj?e_u1 (Jj£j 
Lujijjj IjjJ Doppler j_Lij.5 2 J) La '» L#-lLc j I taj 4-Lt-L.tIa 2jjiaj Cjjjl! jJilj 

.jL-uall I jufc ^ 
■ U^V LajUx. CjLiiuJ (uLl>-I I felc 3 ' J '- <4 ^ w >-^ , J- i J- 1 ' jD J-^J- 5 ^L>-^ a - 1 J 
<i ki-v (j_o Sj^Lca LlulS lil L^jJl>- jljjJ 3 .;" J CjaJl CjLvjII (jl ij<sJL«JI Ij-fls 
/c_tu_>- jj-* 2oL us diL^jJ,! Cj_jl1 1!il I " i -^ se J Ls-Lu t Jl^sIjJI J^e-) dljjselLi 
»Jjjj5elL« p i n-*. jj_« *J " iaj| CjLvjI.1 ^ji t LJ o^ l£Jjj i _ 7 _Lt_aj . «t_t£. I JljLslj t-lljjsellj 
' " i a scJJ «GL>-j^ (J>^ '<J uSjJI (_,!£• j . 2jjILiLa CxjLS lil i L^jJl>- >l 'j"' a j '^" 
CjLv^o 4 j luj CjLv^o (^^ j i"i"i m rj JaJI ^1 <Jj-l»-j . 3 Jiju-lo CdK lil L$jJl»- 
t^-*-* ^L^-J-a (J^* 3 ^J (jjllaJj (_£ jJI ^j i^tlj i( ^o1jj>j1 ^ya j-uS i _ T b Oaj^aJ I 
(_^_A ^j uaJl ^ • ■ La a ,/"»j .^» II ^Js ti ^ ■ l^tl ^JiLL) r^.'^W ^$ dj>-^\\ ij^lsj 
j_jJLlJI u-ujLi L^pJLJ (_ T lII dlljJJI (jl i La >. j I Ji^J .(j^ilu oJLcail La LoLxj 
^_^J^_aj CjJlj>JI I JlA »1 oU ll L_fl_ci2JJ i^j^UI (j-oilJ (j_a Uj_ud j J ' <aJ 4)t_LiD^jl iJr 2 

. [jjLJJa LLai. j i ' aj CjIj jJI (ji 
;_£ jj| .-J JaJI (j^J (jLa i4i_^tlo p j i a 1 1 j J i aJ ( _ T lII CjIj jJI (jjS3 LaJ_i£,j 

^cj 2 j -»•"■ « (julj jJI cdJj c^Jl^ I jLa i2^jj>JI oL>oV Ujj j_uuj L^la 41x23 . n't 

^jej 7"lj-i3 (_gi L^jL>-j^ (J>^ (j^ jlji_p (_gl ^-^J>J ."J "^11 <L2jJa (JL3 Ju^sljJI 
. L_La U^ILia d^r~* L-*^-^ i LlaAJ I Cj^l& j«_*2j^_) L^S LaL^j t/y^ < "■*'* ul tj_5^' 
j^e_i 7-lj_t3 (_gl VjJa L^3L^vj_o jlji^j (_gi c j i a II cLSaJa ^j a fl se '"' 1( j n'Ctluj 
JJ '^^ rt J L>"TrJ iJu-al>JI (j^- 3jutJ-»_a CjIj jJI Q^Sj LajL^ j-^>*2 1 tj^lll 

/j I c ' a ^j " " i ^j '— aseJH jl cLSjIaJI L^j )«-ajj3 (_jjJI «bvjjJI (ji (Jj dllj (_,i^. 

Cjjlj I K'q t<l_Lc IjLULJ jl JlJ^sIjJI J^tJ Cjljjlll L^J ijJjJtJJ (_ylll 2-g.J I nil 
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' a-iLaJI (jk 4jvljVI ili-ilj 3^jjJI 
CjLcj_ui j j ' S-j 1 ttiLLaJl »l olr Lg-a Jiir" i nj (__All 'Uli^isJI j i itdj l_U5ja 
3 ' .' *"' ' "„' Cy-*-" i— i-jJaJI SjJaa. (JjjLlS (jl jl i(j^£jl ( _^ CjIj^>JUj ajjsJJI 

.(_JJ_a (_g? (_yJ!j 3-^-jjJ! ^^-3 JJJU CjJl>- JL3 (jl£ Ii! La <L3jj<_a ( j^ Ju^sljJI 
jojsJjl L^j (.ilj^tlj (_ylll 4cj_tuJI ^jJl2j 2 Ijj i uJ » .jlaj i ■■' i4^vlj VI (jjjLiS (j-aj 

LaLJal dJLLLt! A o Ir j_a>Li LajJ^j ..^yJjSLII jUJI 3jL=&xj jl 3>^Jll jl 

<_ r i£. (J JlJ La_a I feu£ < aglaJl flt&Ia.>. *_u3lj_a ^_iij I a la a* * tA^jstJAj d ^'"^ rt 
5-jj-laJ aIJljJ-" i nl_i aj^cJJI <i£j^v oLsol (_yi^. tilli (j-a l^aJj"u nLa i L^jj>J 
i^ i La j tajj I J 32 " Lajii^. 4JI-Ujiij i3." " * J , ^ 1 "'*^ V (Jj^ Ct-^' 'J-^J- 5 
Cjlj^a_a jl AJ-^o I J J? (.j-i-K-J tiUj^ 'o T ' " "'.'^ U5^' 5_p.Lj ^1 i fl-jlaj| 

La) 5>_j ' -~» a CjL^-j_a ^ -»■ ... A i . II Q^UI CjL*-^_a ^j2l t Jl^-o1^j1 ^j-* * I^IlSj 

/j J 3 j-a^v^l Q3III «Ll>-Li ^1 I J^*— ■ Laj La >. J 5j '"' (__rJ-tl CjIj^>JUj ajjsJJI 

x_a iSjJLa^ 3j^>«J. J I <j^-«-a («^=-iJ ' fl-JaJI ( _ T 3 ilsjIa-jJI CjI£jj>o SJjLiajj 
J_jJU>J1 /c^?e_lJ1 4xj-lu ^_>JlJLj jj-^-4-i i«Q^)_i-uJ «o_)^o (_3jjjt_a jj>. 1 ( aola 

^LuaAll ^^3 5j^jI i nil Sj^J.1 jl tiJjjtlU 
(jj^Iaj ^UJjlII ^La iRed Shift j^s~^\ Q5UI 4-p-lJ4aJjVI CjJoo LaJ^j 

(J^jlJI /. 1 c «L»_a t ■* L<a ) Jl>- ^^yj! 5jji (<•> Jj_cid^JL1 ^j?c_iJl $.yj^s iJr 2 4^-IJ2i1 

Jl^j i/j fl-tiaJI da »J I «_<i3j_a ^^i 1 a j a La 1 1 ^jjilll dJJi (J^tJj ijl i4j^ iStxll 

oJlj* L^xLc Jji3 (_yj.II 5^_> 1 n II (ji 3JL>JI ojui (^ ( __ r $ii!l /«-!L*J! ^j'— j"^_' 

.3_uL\II (^ Llil^la ^L_5 2» uaj jjLajj V <t»-ljVI 
ilsalajjlj ij_uSLj l*1! j (j^^iSI Sjljj^sjJk! CjIjj>JLI «jj^3 ^^ «L>-lj2l (__^-Ij 
CxJL^ lilj ..*Ij_<ijv -" • ' auk <K ' a-iIaJI J^Ls (_,lr I gla-uilaj 7-ljJ3 «L9jjJI 

. Lt£. JjiIjj (_y*J i4_uLlII f_j£ Cjl^ILa jlj'CIl i_22Lj jJ-53 
, L» a La ie j (j^-*-^ ^-*ri^ 'tdiaJI »l olr jjLaiii Jjl^J l*Uo Lulj tiJLLai (jL^j 
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i(Cj!joU,I Jl^Lu) 4x«-"ij jl (j-o Vja (tlj-soJI 4o.ljVI) jiiVl Ijui^yi^jiJal 
I Ajj , ,.^i" j^SLIj i L&joLJ! (jJ! J j j i ii V 3j_&l_Li j-so-^l Q3UI ^c-i 4^vlj VI (jV 

, { f] , ,|11 ^j^* ) (J_<iILse_) 
<JliljJjjJI J^li. ^yS Cosmologists ojQ\ si olr ^La ij_a? (j-a (jSLj I -i j"j 
(jlj i(_Lvt5e-o j-ol alc JS i"i t (J3^-" -SJlxj (jl Ijje-uaji JJ3 i3j_ji- al (j-uMill 
. «UjL* a^.j^jjj [lc Ji£.Lp3 CjIjoJU £j\ Jijj ^1 I i»i 11 j (j^ 

3-3 1 1 11 1,1 & a » 1 a "' La 3j^jc_o (j_o {OL2j| .-J '^^' a i< fl-tlaJI (j-o J-40.2I Q3III 
( _ T 3 (^j^SLlLi r J ' ia 1 1 Cjujj^S iZxJJuua I lilj 1 I J 1 ■■■-" «L>-lj2l 4ii23j «L*jj/LvuJI 
lj_al I j a I .'i.'O » , ,/ij ja3 (j-aj I J14J <Ljc_u_& I j"al U 1 n *" L^jLa 1 Lpj jj j 

'" .'J* '^^ ** " ~'^~ 
I j La ' ' flji uaJI 4-iL~ y 1 i"i ■ 11 CjUjjjjilLa • LjJI J •■*■'< U J L^J-a ;H*_i_J.I SJsLLaJI 

jojj (jlj isLSjLs 4jLiju f-4^*J £)1 "-t^J 'L^^?^' (j- (j-i «1 (_ajj(jiaJI - j 1 ia 1 1 J 
2 1 j ^ , ^. ^ 3|j_o (_yi^. I j . ..K» >Lj Cjujjjjill >-q_-yTia i(JLt£ (JS uij «LLo a 'I aj 1 u zl 
joJ-Sji^tlll CjuVjJu jLojJu Jlj-o^o ( _ t 3 jLj-al 4 i n <i-+J\ 3 1 j_<t£- LulLo ^1 S i a 
^_3 3-jLc j j j i a " 4-»-jJ (_yJ-C j-£^JJ i a I j U ^ J^L>- jj^jj *jj^ ct^ ?- <jj ? 
/ai.jjj .Panchromatic (jl^J'i/l ^_y\ in-»- CjL>-^iII (j-a £"><-" I JlAj .2ji.il uuJI 
CjLcLxj/ ^1 (j^>- Lt5eJ-3j^>- 2 I Jj.il (<i^J Cj^Sjj ^Jj ( _ 7 H>.-iiiiiI I sLxLlS Ij^ 
(jjJJI J^=-i 4a»ljil Jj-r i n"t Ij^Lvu lil --j iV-lt cL>-^i!l I jja (joj^jju SjjJlC 

. Jm_J1 ^ ^~* ' " ^ J > J *- a (J-* 'M>V| 
(_, I r LiL*jj SjtjjLill CjIj^>J,I (jlj^ta-l) ( _ 7 ^ CJ3J^ liliill si olr jjl^ Lij 
i»l Ja-aJI «L>-ji >_u> j^ u \ *y"j j Jjj S^jkUiJI j>JLA iJjjIS Ulj i ufc.}L*jjl 
3j_4^-i ( _ > ^5^ju LoJlJ^.j . jLc>- JJ-4J SJLv /y^ 03^-" D' O^'wH^' o-° ^ ^-^ 
j-v>- 1\ U5^' ^ ::;c - , ^"'J ' Sj-&LLi ~" ' iajj i JLl*jJ! r ' Laa^JI JjLiCi I ^^3 Jlj^sjJI 
(j^jj ^LtbVI (jlj I ^ja \ I j , ,,l " j jUj (_aj!aJI JjLso (jV dlljj iTiLxislj JS "n\ 
iZi\j^>X\ jl_»_il j_jJl23 » J t~" . .. \ (jVI Lul Jo- ^1 ,(_2uloJI cls^taj. 4o.|jl 

. L^sLdai ^j-^-»a jjotxj 
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(jj_J_o ojji^ Jju 3JLv fjJs <LuIj /jlo ^iu^ 24 > Lo 4£.jjj/ [jjuajJs t jLa 

icLujjia d_uj, Q^jJLo 500 Jju ujitC- 4jl3|^JI 3j^>JU (jl (_5-t*J til! ji i^LujjIo 4_L<j/ 
jIa 3L1S (—ill I 20 <1cj_cuJ! *-1jJJ i<Uiu / S^ 3^r •— ^i I 2 <icj_cuj Lt£. J-*jjj 

.3_ujj^5 2 ; , „ Q^jio 5000 jju (_,lr 3_uliJI ^^ 

(jj-la-j Sj^jco "J 1 - 1 - 3 J (j-° (j>^ ' "^jS-La ^^S-LiJI j<sJL*JI (j£-«-! 1962 ALC (_j-3J 
i I j " U^. jL»jjVI (_yi I j""*j i " (jl J^-JJ jL°>^ •J-^j- (j-° (3C 295) I gjlc 
(jV 5^.j i nil oJla jJ^j '.-j i^aJI icjjji (j-o '/AS (_gl 3_ulj /^ia >L^ ' 1 35 

(JJ^SLloj 37 <d>-j^ (J>~J ijt> ' nSj^U (— a ■ odJUll J}_j3 ?TJ-t3"*' ^^J Lkai-JI 

. ((jj^SLlo j54) j^^-'i/l ^1 Jj2jI jjs (^Il<ijiUI (j-o (-Hi (j^ «jj>- jjji^£_jll) 

i_l!LLa>j . «l_Liiii!l (^ I ilr jl I oK '^j"jj 3^*~ i j '^ 1 i(L<jjj*-a (j^l ^J^ 1 ?- ' 7 
^La ^IjS 32 jl j?<i j jjI^jj <1cj_cuJL3 i5^I i n Uj 3x.j_cuJI £/u ( _ t jj^23 in uuj 

300) sj.MI 4*ij-LM (jV '5jUJ V La ^1 j-oVl IJLA ja'iinj (jl <jSUj Vj 
V 3-JJl^>- 3-Cj-iji i»Ljj-j aJI »l olr j laj (^ (_yjkj (3_uliJI ,_£ ^ILo ^u£ • k]? 
JljLLiVI «Lcj_u (jl ( _ > l3ljJL3l SJL^v (_j-^ .(_gjLo ^ i ii-v L^jJI i_h-^j (jl (jSL«j 

(_yJI u^-!i-i (J-i-^j La 3j^*-a ^L«ILil 3^.jjji (jLa . 5_al i nil jjlj «_o Lul-i in iiLuj 

t LLa 4jj^u2 «Lu_u ((j^_u_a L-flJI) (j^JJ-i I 3 Jjlj (ji^. ^-^3 CxjlS l!il pa-ilajl «Lc^j_u 

J 1 <- »l <1 I < II jJ-Sj jl IjljT (jjSU (jy^JJ ^ JULill I J-ifc (_,!£. 4J| dilj (jyJjlJJ 

. i U ^^ «Luj_u3 «Lu_u (j^_i^Li 5j i*7i 1 1 (jjSJ 1 

L^JI dlli iiiJjjajj V CjjIjj L^-JLi (j-°jJ' icijl Ala i a . ^»j" ^^jaJjl CxjlS 
x-Uo^JI I JLA (j^a ja£.jJuj . -I o i nlu JJiJ*-a (jlSLo (_y3 4ILlLo (JJjlS jJ Lo j^iaj 
(jl (_y3 i _i 1 1 nil >L3.jjj , r I . ViAtl ^^3 3ij|_a> CjL^.j i Mi liJjjtli ^ j'a , w^j ^.1 tMI 

Ijlj>. 3juj_i aj^lIII (jl ^1 li^j^JI ojui i_aLii^l I g X <i_i V 3jij^>J,I (>l«JI 

di^tla j-iijj (j^l i n->-^ll j&jj (_yl>- 4jjLi S^LjtA ijJ_^£jj (jl t-^cJ L^JI «L>-jjJ 

. L^lj^ ^ 
tLcj-uu ^J-a ^ I c ij_Lj^ 3_j^iij jj^a J VjjjjiVI 3-Lajj (jLu (3. 1 ' " ^~i 
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(_j_aj 4-iIaJj I icj_cuJLi ojui j, o i ujj i ' fljiaJI fljJao. «L-uljJLi dltij AjjaJjl 
4_2-j^_LsJI Lol i«LiL>olj r«^=-i-!l <1cjj-u JaJLail *jjsr~ i n"t ( _ 7 jJI (3j-^' l5' Jl:v S 
icjjjJu /j i i aJJ j uajJI ' La >. j i£. (0^=-iJI ^J-^*- *L>>jl (3^- *jW £ ' (jt4^ SjjLuI 

(_yill !Jl>- Sjj< jll a^jcJJI 4_LaL>J 4j i nilu ijoja-JI ^-Sj-a ( _ T 3 j_ujil!l LJ •» <>■"_» 
t^j?e_flj1 ^j-* £(_? '"' * {j£jJt-LuJ-0j~iS£. ij\j-uj m£ J_a (_ t 1£.-l£JLLiJ1 si qlr (Jla JuLl 

f.\ l,Tvj »l «1 I ill! ( _ T 3 4jLA^L)| A^JcJJI (j-O JJlC »l I <■>->■ I A^JUdUj (_y3 (jl (JJLH ^1 

g I Lga-flJl /. -^ 9 . /Q_jJa_*j1 Q^ S II ^j-* Ij J ' " * '^3^" OJLH '^^ f^ j ' I ^Q a 
Lsj^jla tc-u^I-aJulJ! JlJlo sl^i- 4Jf (j-taj (jl£ (_£ jJI .- ' i*aa]|-A^3slll (j^J jaiLaXI 
V 4-jjj.ilj CjL^vj_o > i"i"t (_5-lJ! 4_uuiiil!l aI i n-val (j-o JLjJjlII (_£jixj 4JL> 
3j_aLLi-4_u^c cLuLjLila 3j_&LlaJ cLiIojLc SjuiLSto (j-*3 ■ 5j^ mmII (j-L*JI L&l^p 
j<s_Lc) (0_<-ol 4-ii^. I j 5 1 1- i (k±uJl>- jai^. ?Lb ^^^ LjliflJI jal^. I JiJ-a^jsJJ I ^j^j ' 
I j_a ju>-! iiulill 4jIL«JI i_jj^J! Jjuj Radio Astronomy (mJ^j^IjJI tilioJI 

'CT * ^ (Jij '^ ' Al£- (j-« lLj!l>. * \J-£ * f 'Jl9 J-**-*- 1 f^'*M <j-« p^-ojl 

j^e_i i(_pl_^JI j Ua.lt I jLo^li Jl^oj^ jj'CI'^ «Lj£ "^J i^JJI Cj^jJI (j^*" Lr^*" 

a I «i" i^l x_Lbj_o i-L!j"imiU JjjjJI I Jl^J TtjLlill djl£La t f. I JaAl I (^ 3j_jj^IjJ! 
. (4-ul JaAll aIj^- al cdJj (j^ ^-^ Ct^' Ji-^'j-" CjLv^o (Jl x2j i uLj 

iSjjj^Ij i~«I-v.j« j. 1 1^~ ^~tl cLuuiiill a! i n-val j^. cjLojLlU cj^Lv jilj 
^s-Lc j-«_b o' ViH^ 1 6-° O^i .(1945-1939) S_jJlJJI 3_JLL«JI t_ij^«JI *Lol 

LoJL23 mjJJ^IjJI LdldJI i\ olr aJl2j Jl^S -J^l Mill jLojJI j^^Ialj^ ^^3 JJ^>- 
plj_uaJI Ja-j ■ V> '"■ aO-(< J~'l SI U J^ 'j-^ 3 La.> ir it_!jj>JI «Lij| ^^3 Ij^u^ 
Jl-i-oj 5j j a* I Juu Li_i3 k~ it i i<it - p I i^Ml pi o"i i ,,1 5^3w| » i i<i ^^3-aJlH^J.I 
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^ dJiaJI *U1»J Lg-La (j^-njll i-.U^ta iS^lIII SjjjjIjJI v2jIjjl1,I £yl L^lS 

jLujI ^cjLuI^JIj JLalij/VI Sj^>.2? aIjljeI^I Jjl Ija I JSL&9 iCiL»-aL>JI 

ijJLjsJIj dJLSiJu p 1 nTt ^jal 1 " ' I j la -- II clulS jJO Li>- . (_g_jj.il jj I -I LaAll 
4_aj_*_i lj-ji-1 Ijijjjlj ■" j IS jj i ( _ > l3j-«J<j'l a a uSj 1— al LuS-Li nVI ;*-aL)j_i (jl£ L«£ 
SJa^ca <"ilt-> i^jjjjlj CjLvj^ jju-aj 4-Ul '^" Lai 1 11-vl !j'J-3 i(_£j-ljljJI (jjSJl 

. tj-w 1 nil i_aVI hj_jjj(JI (jx. 2_ii-»- pUAaJI (^ 

( _ 7 ^Lc LgjLslj-o cjjjls. 'LiW-^'j c 1 ^? <-^l c?-^- 3i>^ L» c?-^- jj-**^ t 6 -' ^J 

CjLcjji^o (^ Lsujjjjj ufcjljjsl (j\j LLajjJu (jjjSliaJI joJjj joJj . ajsc-LII 4iaj^i. 
i_JjJSL3 . 3_<iejjLL!l 3-a-iJuLll CjLlo-luTJI (_,lr IjtVal se-i jl Ijjj! (Jj tgl tAalLi 
<t>-L>. jJI /<u-ul L&lLc IjiilUI Cygnus <t>-L>. jJI "i^y^x-a ^ SjjjjIjJI a^jc-lII 

. 1 JSjij ..<_j 3^-LvjJl Lgjj 1 nj (jAxiJI 3jJ3 ^ LgjJj (_ylllj iCygnus A i 

(j^jSUiJLa iLluio^jJ V 2jj LajJI Lij^jju Lul VI 1 Cassiopeia A l^yx^SLII <Jlili 
IjJLSj t ^l 0" itl (_gl pi La fl II (j_o 4 s-LLaJ, I 4jlHjJ| ojui l_aJa_> («-! ^LcuJI (_fi 

' J J a J k* ' II lj-LJLX-1 (jl (jj-i w '^.'^ C-lj'C I ilhlLl (_g^m 7T I II tu I j 'JJJ ' -"_' 

/n 1 ii-v (_gl J_y>-J aJl£. (j-o (J-l2jIj-(J-ojJI (j-o SJbala 3j^ (J^L>--IjjI£ jJLl . Ijai 
jl LajVl ^ LuLc (d-a-Ltl I juk JIaJ SjjjjIjJI oljLfuVI VjJj hJJLlA (_y5l '^'« 

VI i_2jj_> Vj i4-jL*_U J-iLJ J-al (j^-J^c_a (j^j ^IJlj-3 Pj^J (JLsjs-I (jl 

. LA^ajjso ^p Lu (ji^ (jtijjto '"• a, Ua-Lial La lilj iCjJL>JI I Juijjx. I Jl>- (Jji2JI 

3j^>J,I jLq^.1 (j£lx-ij 1 1 ,*j I Ua u (-, 1 ,ip\ La I jl ^^jtill ij\j 3i5L<k diLal . nlLa 

a^c-LII (jjk IjLa. 2 Ijftj 1 4^j ii" a Ajja_Ltl <tii.lj^jLuJ pjLill fljj 1 a 1 1 jLUL^ 
I 3 JJij ' i'II 1 nl Ajja-Lll (j-a S-lJULILs i(j^3j^>J,l a I J la 1 a I ?Lij| a 'I '^"" (_ylll 
jl i n a «_Li_ij L_a_Al Jl^vI (jLjj^>JJ j-aj 1 JkS_Aj t^^^^-tu 1 tKj* .^ ^ JU L)' tJJ-^ 
. A^c-Lt! £yl LgjLjjSLl, jJ-aJ3 (_gi (jjj 4 ojlin I (j '< a JS" r-J^tJJ <(_£jwi.2?l 
(j i h "v (j_a jJl^JI 1 Jl_A 4J (j-oJ-I 4A^j?e_lI1 (j^_J j i ii*i ( 1 1 (^jSJl jLJlJI (j-aj 

ia^=_LII !_^ «LlLc (_yji Lx^a IjLJuUjI j-j-uj! SjjLJLJI j^^j-iJI (_y3 <jiilj JJLa . . U -■ 1 1 

CjljLiJI oAjfc ^3 JlJj La JJ£.J . 4jjJl>- (j^a j^a V j_al CjIj jJI (ju a >l '^-"tlj 
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CjIjJJI (j-jGo^ i4jjL* Sjlj^v jjjjj i«LuLul ( _ T 3 CjI^IojJjSLJI CjLlo <ic.j_cuj 
jJjJLj i 1_j_>j_4^ 5-Jjj- i"i 1,1 CjI oj i n-»JI a jufc ^j^j (j-oj (LjJ>#£ tj J;E -" , -> L?') 

I <,j.i , ^ j (_gjj| <n i n-»Jl I jjt (_gjjjljJI ( _ 7 SLLill .U^M j'a iCjIjJ.1 (j-o (j^J^Lo 
5^>J,1 ^.albtjj . 4jj_c£3_J1 CjujS i n\" ) I ^ la i ul aj ijy -ij^a j^x^. (jjS_i Ls-Lu '^ I a J i ■■ > 
a 'I naj «La_uJ (_,i^. (Jii-o <— *-lL->I i I «L»-L>-jJI (_£jj.}IjJI /oj*_Ltl (_ji£. (_£ji>«J (_^<JI 
_y=-j S^LuJll 3^-lj^l liilj I Jj« Jl>-^3 ' LiiaU Sjj-ca L3J Cj JLi.? JlSj i(j-Ujjj=-o 
^Jl^v 1_AjJl>-j JLcLyJI 3x.jjji diiill »l olr i_.hi->- LoJ-Lcj .jji^.'i/l Q3III 

(J3_jio 200 Jlj>_lj - 'I uaoll I juk o^-° o' l£^ t2LjjLl«Jt (^a ^ jL£ i_aVT 10 

J < j II (JjSLj 3-jJliiJI (_^ ^La ^iu^ 50 JLcLuJI 3x.j-<-u LluL? lil) <Luj-cb 2 i 1 11 
/c^?e_^. (j_* L*V>^**I cj' (^hs'^h^L-J Jm-ul jjjjLlS /c_i Jc9j i(<Lu^d «\_u_u ^j^-iLa 

1 U , ,.j"1 1 Jj^J3 UULi, Lq^J (jlj 1 la 1 "j" rt 
ljub Jlj-oj 4_!jLx_o JlJLc ii_x£.Lll,l (j-o j_uSL!l i_dli!l si olr i_ajL^s JLSj 

^^3 <_3^L>JI ^yJI J-^>J (_x£.Lll,l tfjui (j-O tj^V ^L^ JL3j '(j_j5j| (_y3 a, J I lr~Tlll 

»l I r JLfl Jl-Sj 1 1 3-3.L>.jJI i^j-flJI L £j-J.ilj_!l (O^tJil -SJuJ.1 f-Sjll u^*^ 
aa^c-Ltl (jx. ^-JoLJI (±JHI 1 U 1 "j (^ *_2j «ULi 1 l^iLsol (^ (_gjjjljJI i_dli!l 
(_^fl ^jj-iljJ! liiiiJ! »Ulr Lai .Eta Lulj Delta bJjj Gamma LaU. 3j}Li]l 
(Jj^a J£ jo-l JlSj ix_L^jil I jut ,j^ ^Lila r'j-^ '^ '^^ ^^ ' LJ'> ;j - u ' 

^Jlj*_« y i<i^_a /. 1 c \a a dJI ^ji ^-JJ '^Sj— *•' ta ' uu O-* ^JLj_uLj^ 3t_>-1j-i ^^_L« 
Jo-oj^ (^ I'lliill »l olr "^J i3-oLj 3^Ja (jl£UI JjJij>o (jSlx-i (^-Ij • Lu^-23 
CjjISj 1 "jjj 1 <alb Ij^Laj «LlLc j A". 1 1 »_<i3jj,| ^J| [_gj Laj II /<i^jj'v 1 nil jLo^li 
I &. U*a t_!j-Sj ( _ 7 jJIj i LlIIj". ulj l^iL-sol (^ tiiiaJI »l olr (jij i_3^L>JI SjjI J 

<LljI La 3 Lai 1 n -v| !jij-J <jl (J3J-S3J-J ("-4^ t^yuSLLail SL>-Lio 3j| j-o^l i_^ 

(jl (j-S-!j • r»-g-^ Li j S, 1 11 1" I j 3"^j L«^>- 3jl>-I^JI «lLi2jJI «bvLvu^ ^^a SjjJlc 

oJl^S i^jjjjIjJI CjLvjJJ j^Luzjz (j-° ^'J^V Luc CjI jJu x^us^Xl I Jui (jjSLj 
l _ r ^ JiJjLjtlLlLi l_Lj_«_a IjJu^iA (juu (jl ( _ 7 SliiI (_, 1 1 n" j • ^j^a . tlK i"il, I (J Jt 

SSjjjjIjJI jjLvaJ.1 (j^ -■ 1 a ■•- 1 1 \j-tb • La 1 uj 
(^ 4J ^^>-J ^ LLuio '(JjJS (j-a 4j (jj j'C I n 1 1 ' j** V LSj A j-o^I (_y3 (j? Jj V 
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jul£. *j L^aJ I (j_a <* * a ' (ji ^>_lC . jAj L«i_i3 jm r* ' ua^JI ^L>-jl (j-a L^>^' «L*-iL) «U| 
I g 1 1 * a jJ_lj ' *JJ uqjI i tu^aHLg (j_« * JjJlJL) S^jfcLLi CxjlS i(JS Mill ^ q 1-^" ' ^ 

S^vLvjJI (_gjJiJ! (_gjj^ljJI fo^till L^Jl iS^jj'n no 3j;e_c>.i oli Sjilji L^jl^j 

{jCi-aJx-us (j-LJj^ca ijJLui (jl <t3j_»_a ij^-al 'lSJ^'j-" dlLaJI a! JlJ-"i 1 nbj . I 
. jLta. a 'I uaj 3JL>- (_y3 sLujSJI I a^j|jLc.j (l «1>-L>- jJI -1 J Li-l (j-aj) I 1 J "JT '.' 

S3_j^jjIjJI cjLvjJ,! cjL«jjI < - < j 1 11 j-A La *.(J!J-<-u LuLkil ^1 j.jLpj Ll& 

I »jii* Jl^vjj i < •> i ii (_j-3 S^jSLi i Lijjjx-a ( _ T 3 i(_j-ijSL!l jLiillj jLiJI «_«jajj 

I U .*w tj i «Lu^xi3 «Lu_u I 00 4_L*3jX. A l^-^- (J*** '"' (jr^ ' ^>^** ' l£J~' ' " a (J-3^ 3 LT"^ 
(^ i_.i_-ic.lJI tfjui - t\". "j . Luj->J. (S-taJ^ill) -LujJ-b-JI f-J i^l J-a --.La }L*-I 
i I j j i ii t 3j_<JL__3 A^jjS (JIn i"if (_-.. jt^u-r-j I j i a « • 3 iSjjJlCj ZLJUlt-c-a OLLufc 
CjVLv (_--- Jii-Lj Ls-Ljj ** _HJ ' '" ' I ^ ' i ntl (j-a 4jLo (j-a I «■_)■>• L^-La (JS j_L__3 «_Lu 
Parsec l-L-_ijLjJI (j_a CjLLa 3Jl-c L^JjJa > In ,2 ^ tv. ; « j_lc. VK uil ^j^\ 

. (-Luj-l.. 2 1 1 ii 3,2 = 3-jSi^ 3Jl>-j i 'I i "jLJI) 
(jj^pSLI! ".CjljjJI da i _j!) (J-l&.jijJljj-i (j-C SjLa-I j^_5^=E— <-! 1 (j-u La jLc ■" La » "j 
I jufc (jl l-__c-.j . 4-l-s (jj-!-!! (_r^ 3->La i U i nil (jl_5 Lajjj (j->-!j (Jjjj^ + Jl>-Ij 
(J_a-*__ La I >— j l T l S -3 tA^_5__L)l (j-a J N ' '^ J I r*J '^* J I [j-a Sj-u^ d 1 1 n 1 ^j au -i * jL-ijI 
' C a ' ■' ll^ ' j ' '- * .' ■— 'HS^J^^'j Cjuj^jSLIVI J <^<a /_Ic (j^al Laj aVI 4-u <u: 
7c_j_ca3 (JjLIII Cjjjl»- J-tJj Jonized Gas jLiJI (^ (JjL^-II 3_lLox. CjJi^o (_gi 
oJlj* (JIj^>o iLulj i jIj^jI (_,i^. (JI^ejJ! (_y3 ijs>- cjujjj^-iJIj cjuji^jSLIVI 

LijLsol ^1 uLl>-I iS-^3i "-*-* 'O^*.'.' 3 ' ' a ' .' ^ >l LajJ La Ij^uS CjI oj i hjJI 
4_LLa_«JI ojui (j-a j I La Li JuSj . 4JSLi 4j i iMWLLLa CjVLa-a (Ji-lj ^js>-\ ij-a 
(jlJ jLsoVI I JJt (Jila (j-a j 'I iaJ| - j ' a 1 1 (jl 5i^ljJI (_y3j iLliSL>- (^J-a «j-^3 
Sjijjuio (J^jvjjJljL^JI i _.-»■ i ii 3_j^j (j^ Lu S Laj (_gJJI j-A nJj^pSJillj (jjjjijjJI 

.Sjl^JI 

pU^iVI (jj£1j Viiili ji^joL>oVI Ijl&^oIj V^it^.tl 3_jJLiJI ^ (jSLIj 

4 * uiZ] I ua ** j J L*aJ (JJ CjLv^XI (JI^LdI (j_a (j-m_a (_^J^a (_^Lc JJ ' a ^ rt J s Lja 



92 



(59^1 jjl lSJLoII |dl1c 

j ■"■■'- ^l^v Jiia VI SjjjjIjJI CjLvjjiII 3jL>JI [J-ijvjijJij^JI jjjlaLLa jl Jtj^sl 
»|^>. ^j" i ii a (Jj-la /j I c ,»Lc jljtj-ol (_ 7 1^. <— 2jjL<JI (<u jJia .. U *a CjIjJjj/ 
CjLvjJ.1 (_>AiU (jI-Jlj^QI! <L»-j ^Ir-^jj^ljJl L*iiill »l olr <_2jjuj Lujjjc-a 
(j-L>- I JL>- 4AjlXjuo CjIjLJuI /, La »"' (j-L^-jjJij^JI 3j Jl3 ijLiJI (j-o (_yjLi 4jcliil 

(_j^Lc cjljLiVI ojla <±i<..ujj i4 "■■-" (J^>- ^jj-i (j-° SljjJI /_a (jjjj^^jJ! ^j-«j 

J-JSl JiJjiJl^. 3->-J-I.I lluL? i Lj^Jtj ijjjjtli (J^vjijJljL^JI SjUej-u lljL? lilj 
/<s-3jJI dili (j-o (Jj-bl duL? Lt£. JjiIjj iluL? lil Lai iJjiflJ j"i<i/hmi 21 jj-a 
ijLiLlI 4_Cj_<-u (j ■■ j 2 ' •» J se LaJI 4^vjJ,l (J^is (JjjLlS (j-a-3 liJJi (_j^Lc-J t(_J-ASj 
5-jLa- i n I •» j se uaJI *_il3j_U i_2jj<_j (jl i(_£^j.}lj_ll (_ SLLall » jU" . aj IjlSjfcj 

(J j 1 1 ii /_i LSjLc ji-l j^vLv (_gl jl jLjJLJI ' kSj (jJj i Lu^x-a (_a ( j-l>.jijJl : i^JI 

. IflK LgJS^iJtJ 4j_jj^IjJI CjL>.jII (jV i^GLuiLlS 
dljJLaJI in n'ti (^^c. ti^toJI (j^ Sjjj^ I 'IJ j"- (_gjJj!jJ! dJliill tLaJLc J J^JJJ 
(j!) jjs-T Cj£j£ (j-a 2Lj£i vliLuK L^aJiitlx^iJ j! JaIjhJII qM i Jjl\ 1 5 j< 1 1 n>Ul 

.S-uisj'^l S^£DI (jK i nj JI ,^~VI SJjUt^ ^^a i(cjJl»-j 

'0" 10 .!" 1 '" " ^' W^ 3 AJjj (_tjJ0 O^-JJ^^*" ^J- 5 "^3-° 0' *La1*JI tcjv^jj 
I j S Ua la . «Luj£Lll L$1jL-uj ti*jj «CjLcjI£J|» l*11j (_JjJ 4J »>»*t I ^_,t (jjS3 Lajj 
i(l fiJSj S-UjSLII d^liVI) 2L*jJl! tfjufc a JJr" i n"t JL3 j^oll JjL-ujJI aj-tt, (^Jc 
icl jVI ojui j*-alj_> /nl i n"il 14JJI3J 2 1 Sjjj^IjJI Cjuj'C i nl'ill joJojtx C.t-a-a-J-3 J^J 

. Laji^>.j 3JL>- (j^ 
i i j i nt (jL? L«-i>a i tii I JJLi 3^-jII oJl^J ^jj^VI cj LuKJI jL^o-I '-.-."" Lai 
*UcjI J£ ( J& IjLSiHil L&^i^Ij i(jj£LII iiitji iU i ii j I (_a (j^-jjJljL^JI Sj j (ji 

. S U^AJI 

4$j" i"i a 'jj-^ SJljJj i Lu^ja-a ( _ T 3 (j^>- j|j Jij^J I i ^t i ii <1jjiIj^ djl£ Ji^j 
CiSjJI ( _ T ^ /<s_aj i/<sJL»JI (j-a 3_J3jj2j_a ^Lajl (_y3 UiiJJi-^'j OSjfi^ ^-&i (*^ 
(jl /c_^J ■*■ uaJl Jl^JJ . 4jLLi3 ^ *U<^ . . Luj^>J, «LLalS 3j^x-iD (j^Jt_aj?e_) ^_l^L>J1 
ia^jcJJI I jj'a J-^J^ Ct-^' S-lJ^LII pji^l ■"'! dlajtla (^ j^iiij (j^jijjj^tl jLc 

Lujj?E_a Jl^-oj (jl fCJl^JL) t Lj_J^J Lcljii j '"-^ (_2-£l (j-« * 1^-^J La ?«-p3 fQ_l J^J 

(_g^j>oj Lr^jl (Jj-coLoi i^j-i (jl LLlLlS i 2 'j« uaJI Jjjui Ij^I J^J^ J I ' (j-° 
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L^J^la ,U^a 3Jl>.Ij 'La-J-o (Jj-u^j V L^JLs ijj-La-jijJij^JI 3jii jJjLjJ LaJ-t£.J 
-(3-ujjj.iljJI (j^jSLill 2<~ I U" , ,.l /^j i Ij «i" i n a LflJa (Jj-u^J I J iS, la ij"oj"ii n 2 1 
^_3i I^jljjjj (jl 4«L»_Ll>.J)jJLl^j1 i '^*j la ~- 1 1 >-(J La tjj 1 1 l_o_lLiJ1 ljufc 4_»jUL« (j_« 

UJt in'i'^ i4-J3 ^L«_*JI 4_aljjJI li-lj I i n dJ 1 i ii "t l_t3j^3=-a (jl -" Jaj| jJUj 
fjj^l "-JJ-LO JJJ-J-I ^-J i-2J-flJ f<s-J j-^J-^' J ta ni J^i-ljJI ^yJI (J^-jijJljL^JI 

<jSLIj 'jLill (j-° 3-jJLi- 03^ J 1^3 3-oljjJI 3^j-° ct^ S-i^j-jll Slj-Lllj .S-lJ^III 
Li^j iUj-»o njLJatjj o^iU^'j 0^-*^?° 3< f ^? •^■3i Wi>^3^>^' ' *° ' "3 c*-^ 

L<JL>- jJ-jJ I 1 J, 1 JajjeJ (_£JJI .-' LaaAll (jl j_lC . Cj ujj j^jJ I (j-o 'LLlSj SJufc 
A^ j^ e-'(J 1 J i4_j_>- ^I^lC (JILa (^^S-j-aLL).} s-^j-uj 3^>Jj (jl . jLx-£l£. J(l (j-\JO Lal_4J 
jJ^tJJJ tCj^_4JJ 7T J Mil (CJ jj l~." 1 1 Jjj^Js ^£ j j , ,ilj «L»_J^111 pj]} 21 (_ T 3 Jjjj 
jlj . I gglgS i i inv itl Jj_<-u <_jj_2j jl 4_uj^jjjj a^jso jl - I i a-u *\j^\ (_j-!J 

tjjL>JJ r* ' LQ.aj| (j_« lA-^JIJ^^t^' j*-^- Lh* ^^^ -SJ^« * cj-niil A£j?e_u1 Cj^_4-1 

L^jjj.3 (_3 L^j1_l>- j o" i n"j ia^jcJJI (j-o J^J-^ (JtH? 1 ^ L*L»> S-iLo (J ml i ii_)j 

(_i_Llie-a p^j ^l-ja^LsJI (JjJS^JI (^-/o^oLuJk! (_£jj.jIjJI »l olr «L>.jjj 
(jUajjjJI jsjJuj (jjl Q-«-uU I Pj-lII tlili J-^J tSj_5Jj(jJI CjLvjJ.1 CjL*jjI (j-o 
c^-se in ( j_a j_l!SLj mJj^' jju-al! I JLAj iTaurus jj-ii-II rj-J (_yS Crab Nebula 
CjUej^I l j f js yc lojI Ji^j .4jjj^IjJI CjLvjI! jIJlj-oI ^^3 3jL>JI (J^-jijJljL^JI 
£yl ^j 'I Lall CjLvjII (jl i^jjjjljjl CjLij'C ml'ill mJj^I Aljiit^oLij iS^lSjJI 
(_ 7 _1_C «U_j_L»_J (j_S_4J CjLt_»_j1 M5I (j_a 5j_a «Ul_« ^?e_b m^J^i (jLLsj-iaJI ^cjJlj_u 

/ciju-u (jLa L*Ui )«-oj i«l«jL^JI 5^>JI cjujjji^aJlj cjuj^pSDVI a 'I '^" (jjjLui 

iJj^^JI (_yl»- CjJo^sj (_ylll 3j_jj^IjJI j \l <^«1 1 (_Jj^l JL>- (_£Lj (j .hI (jliaj 1 nil 
Ur ^uj^J\ v2jli S^lSj^ ^j-a » aj mJ jJlj Sj mi II iJLi jj ir^U (jl il ijj^U-JI 
(JjLj>_a (jx. 3j_o (j^jlo ^c-i J^>J (Jjjlaj SjjjjIj CjLvj^ j J 1 a j iCassiopeia 

JJlJ_)J ' Jl-^- (_j-L-L > - J J J^j-^ j' 1 ^" (j-« ^JJJl^-O »l qUII *^jILj M5 JJl pi ^ Ml VI 

(JN ill 1 cd^tjj (_^-Aj 1 5^-jjLLaaj I t <j> i nil (j_a j^JljS ^Sc «Lu_A (_ t 1^. jJLlqJLI 1 JlA 

iSjaj^l^JI 3.}J^>J.t slj^v^l (jl mJjj^IjJI diiaJI i\ o\r Jl>-j Jl2£ . 4jUU l_j^c. 
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C-i-se mi II Lai i«1_uQ!! ^^3 jIla ^JbS 300 J^c-i (_j-ll J naj 4x.j_tuJ LLo <_j^12j 
Li_a < _ij j S3 LLl>-I (_5-Aj i Lh-*^ lilli (je JJ^J <icj_cuj liJjjtjj L5JL3 Sj"i(jl,l 
(_jj| (—iljJLaVI <Lcj 1 n I JJljla (_ 7 lel (j-a j-iilll T'j'^HiJ 1 Lie J*"n" LLl»-Ij 
.4_uLUI /_^ ulil^LojijSLII (j-a i_aVT SJljlj i .jLjijj^L! 2x.j-<-u /, .^»ai 
.* t-pejul j J l^J I IjLjfc I mi i a (je »JJLa l£'J t^-xi^LfcJI lIa^oJI <_ 7 ^>- J-^aJ 2lJ 

<jiiLvjJi,I (j-c c<-»-q--v (_yi<-II ijiiLaj I < 1,1 dJJj i(_L»JI 7-Liia ^1 LjjlJo^j jjsj 

ojui -i>>-J 4jjj 1 1 "*_' (_LJ-«3 CjJL>-ij 1 3-Siail I oJLA (j_a 3j " uaJI Sjoj^IjJI 

i( ( _ 7 ju>o jLjtAjl) Lajjjjaaji j LajLi V L>-jjjtA CxjLi L^Jl jjk i«Uj^JLII «uSaSLII 

Sjte «J Lj 2_c.j_cuj i4£j^ull SjLlI (j-a &j-±& 'Lj-« 'Lie ^ljJ JLS 4JLa j<u (j-aj 

.SjL*.!^! 2_uLJI jjJZ £l\j^a 3LSUI (j-a <_aVT 
jLill (j-a «L«jji_a 4-1 La- 1 11 J aIJl^o 2JLv /^ OJ^ ^ 2J3jjJlLI 3jU,l ojuij 
SjLxjjJ! (j_a Lie SjUaJI <A-L>-Lijl f_^ *-23 LaoJjJojaJI 3jLa (jlj i^jSJI jLillj 

llLL loe La ,Lie LgJ jLJLII t_x^v c-^loj Lgljjj g-jJalmJ V da> ^L^JI 
JljjjJI ojSLII ^j .4a1«II 3jLc^JI 2iLv J^. Lj-ls c-iSLmij ^^lll JjlsLiAl 

H_£a-jjljJI lilbill »l olr I j" . ..lj it .»jJLj ( _ T iII d-iia-aLLlI djj^JLlI CjIjj>J,I (j-a 
< La » "j 2^ i^a-JI jL-oj^l jjJl»- ' ala. (J^j>JU (<sJL«JI ( _ T 3 <Jj^e_JI (j-djLca 
1_£jjjIjJI t—ij's 1 iil'ilu Lfcjo^sj (_L*J>«J l ^i3^ ^iS^-^J '" ." J ' '^..""'L'T"^ 0J-<fc 
(_£jjjljj| dJLLlll si olr jJi^ejj w J ' a .' ' ' "-J jSLvuLJ L L&Ju^sj (j-a l^_u£ j_cuj| 
flj La 3 ^-Lj (_JJJI-jLaoJL j Uq-lI (jjS^pj jaj i«Luj^2j tLSj^Iaj jjLuai,! j>L>ol 
/yjL-Lia aJI CjIJl>-^/1 7~j-u±a J^-^j «La-^-a-j LlLa I ^ nmv (^l^j*- ^1 4_ci3^j 200 
ijLa^JL Ju^sj^j Ldiiill «Lil«J (jSLal cLSj^IaJI oJl^JJ i4jj-oLil,l j j 1 a 1 1 JaLSjJIj 
CjIj^>J,I i_3jJI (j_a Ij-jilS JjljI iSj^JI (_JJ-a JijJl>- (_yle Cjljjjca Jlj^oj (j-a 
. pLiadJI (j-a 2 ^j^. , ,.tl (jLae'i/l dJJj (^ 3_jJ>!' JLca ji>jj (_ylll Sj^LiJI 
S/a^jLtjl ^ (^jj^ljJI dJLLill «LJe «LajLJej_ijiJ ^gjjl La (jSUj 

dJUij iaojcJJI ^.e SJjLi CjLa^Li-a (_gjjjljj| tiiiill «LJe i-sLial Jiil 

Radio 2_jj_p|j_J! ^^ t 2 j ,„| , M ^»J| oS^J-hi 2 j'v I niV Sj-^».| aIJlJt'i iiL 

(j_e LaLaj ' klajej oj^-" d^ ^JJ- 1 ^ 5 Ls " *"' ^i^-^'j-" J-i^^'j .Telescopes 
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L$l Sjj^iilLi »lo i ntl (_^a /ojso (*-U) o^ ,5 jj ■^.■ ll jjIoUI! LglSIi (J ^ji\ diti 

j_lC 3jjJ9 ^Luajjia CjJLxj jj>-I («^>o (J-i iSirius «LuLijJI {J,j* uA\ (O^-i (J-"^ 
3jjjjIjJI CjL».jJ,I (jl . I <t>-L>. jJI (O^o «bi i^j-o j^lc. (JjSLj -^^iJ ^P^ 
icLujjiaJI CjIj ! i nil (j-LJ^Lo «LaLi£.l xJLaj iJjLa <_<j^c joJLc (_jl£. (JisJ LlLl^o 
(j_o 2 Jj uaul I j-iibLUI (3£L<4jj V iljJLp. jL»j| ^Ir «Lul tai aI i n-vj i il\ *j'a 

3i*jit,l SiaUJI ^Ij-uaVl JaLoltl J».| (j^s-^jjjljjl dJiaJI slolr aLs JlSJ 

cjL^-jJ,! tJA^d ti'.A^Ujj n_gjjjljJI j Ua-iX I (_fl *j^ t«-*lj _>~' Lub J-& 

3lj_a (j_c SjLlC (Jj^l p-J-tllj . r-j.}jJi,l ' . JaSJl ji ^^jl^JI j-A ^^jQJIj j-±& 

i_Lj^L<-ul (J^L>- (j-o 4jjj^|jJ| CjLvjJII (J-SJj joj iSj^jJI 5-La^J _LLc juJuLa J^>-\ 
(j1_j^Lo 3ji£. Jl in"i 11VI jl ga. /_^ CjI ■ >■ .'.tl j-±j£3 lSj se - > LiAj O il-^tl (_yJI 
lLLJ j Julj J 2 ™ /c3 t^pLjj i m< II (jlj-i j^^juyi^ j' q^ (^j^_Ld (2>^J idl^-Il <j-« 
5j_Ai_>. Q5S3 /cj [j-«J t^^Lu ' la la 3b rt (_7~^ <-^ J lj'-^"21 (J-'J^J J^T ' "" j 3^ (jrl 

• i^jjjIjJI diiaJI »l olr I^uijJuJ 
sLj_Lc Jj I LaJ Lo jjfc n_gjj^ljj| 1 dlaJI joi^. A o u,'S\ Lo i_j^c.Ij CjJl>.| (jlj 

.Quasars CjIjjIjSDI jl a^=-JI aV±ui\ *u-u\ 

3 ,,iov o^'- a ^ '>4^ ^ l^Ji-^'j-" '^1^1 *Ulr (jl^ 1961 ^L: Jjljt J-La 
Cjuj'v 1 nl'ill CjJL>-jj '^Ji^ ^iW-^'j <— iL»-3-a L^-La j J 1 aj lylx^fljl (_fl «^lj^ 
aj^so (j- l-^-L>-^^ ^ iljL»- ^J i^aJI «Ci^L>- Lo^jso «^ljj,l ojui ^^3 5^. , ^ A\ 
I JlJJLJ ijJj^tJJ (_5-4^ 1 Wi^ ISji-"! LlJ 1 1 M~ L^JI JlAJ L<ij^ Tcjiajl (3^-Ij • '-'^> :: ?- a 
«_ll L^-il L«-S , --j . >» tl cLcjjj, l \ fJ a j^uS *j-»- (_5-!l J l ^*"' 4iSL& CjLcj^uJ Li^. 
J JlJ I JLAj i I g 1 jji Jljjuj j-l»_cid p i n^J A JJ ' ^*" (^A - *- 1 ^^° ^"^ JljIuIj j-uS_i 
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.dJLLa!! »l olr ^-LlJcTlj (jl <jSLa-i *(_5-^ i_£l tj-a l_£_9^' "iJsLla *-J-i-a (_ji£. 
Jiil i n 1,1 (j-° O^ Llj i/^J T~j 4jIj£. (j-o 4j j-uCu Ut i4jLulIIj «L-uljjJI 

i3_j_j_2JI 3_j_jjjIjJI cjLvjJ.1 ojui (j I La3 (jl Ljj^j^o (Ji-l-i °j-i*-^ f^s^? ct^ 
Quasi-Stellar Radio Sources <L_jj.jIjJI a^jcJJI a\ < Su] (<u-ul Lg-tlc IjiilUI jJia 

Quasars CjIjjIjSLII i IjI Laoa-lj 
(j_a i_aVT 2 » i ia ' i_al mi"^! /oj ij_usL>JI cJs^JI (j^>*j 1961 aLc JLJ-aj 

dJJj CxjlS IjI i LLa sLuj-l^ 4_u-u (j^jij I iiaLtu^ l _ 7 \^. LaJljljI J->-JJ CjIjJj£L!I 
aJJt (JlLxj I JiSL&j hjjSDI (jfl Lie /n i n-v JjljI (J3SLJ 4JLs ^ a-iiL>JI iQ^L^o /yjfc 
.Sj_pJ,l »l<ii,itl jUJI Jo-I i(jjSLII 3^L>. ^Jx. i3 i^iaUJI 2 xi\ Jxall ■>! m-v^l 
J-&J ti_Ll3 (_gl 3C j_ojJI_i I j 1 la » a IJ^J »l 1 11I iLJLv CjIjJjSLII (Jji^oj 
(JLJ (j- (Jjl d)*-^ J^J '^-iW-^'j-" x-jLL«JL1 <±JLxll rOj^aLS ' tu-iaJ jl_cai>-l 
3 /<^j jjljSUI i(_gjjjljJI rs^JJI 4 J ni aLsHaVIj d^toJI (j-o J_ift J-i^- I la • "^ 
jjJJI j-sej 4JL£ cLijJa 7-ljJl J^ 1 Triangulum dxilil 3_cj_*^o <j-a 48-i_l! 
<L».|jzlj ij-a^v^l cl^o La <LflLa.La fj^S 4Jl_jJ? J-J-«->- cI^jlSj "-^tH 5 ^ ij-»a»VI 
Juusj^a I j A ,~..~,K\ fjjl] CjIjjsJJ JjljI (»^ ct-^*- 3J2jJ-»-a J-i^- <L». jjj| oJui ^1 

. joJ L*J I t_j£ (_gj-i^aJ i— IjS, i nil j-&\ j La^J L) 
<icj-<_u ^Ir Jj3 i48-i_l! 3 jcJSj ra^tJJI 4_ufu i tula ^^3 S^vlj^fl ojui C^JL^j 
Liu La J-i^a-aJ (_gjj| JjjJI (jl ,J,\ i^jJliJI ^ ^la ^ij^ (_aJl I 10 ilu JL£.Lu 
.'LujjiaJI & i I nil (j^ (j^J^Lj 4jljjI (^l^*- ^«-Lu 4_Luj 

jJljj (jjJI al in-vVl ^042 i3j.lLJ.JI 4jsljLu i_aL.i^VI I Jl^J (jL? j_SJj 

(j^jjljjjljjl (j^jSlill (Jj-Sx. (^ 3j_pJI i±j(jj CjjLS i Ljjjj^a (_ T 3 SjjJLi-a AjjaJS 
jliil Jjljj 2 Ljjl (jjjIojILflj IjjLij . 1 j*'* Sj '1 LaJI SjjjjIjJI i — 1 1 i a ■ * 1 1 Sjji] 
Lie Jjljj L^JI IjJl>-j Ji^j (jVI ' '' - ;'^ a isLuj-iiaJt (j^ 1 1 nil (j-a CjLla » LtaJ (j^ 
pjj (j£, i(_gjjjljJI l*JLLoII »l olr I JJt Jjlj (J^Llujj S4_ujjiaJI Cjlji i nil (j^j^Li 
iSjJjJt SjiJjLjfu 4jjjjIjJI CjL>-jJ,I oJui (JiLa jl Ju-ol (j^ (jSLojJ (_^i!l 4^LLaJI 
Jo a ~ >i i (Jlj-J V (_3-*J 4_LJjjiaJI dilj 1 1 nil (J^j^Lj f.\ ua2j\ (_y3 jj i aJ i±xjjej 

. L^i^li 

(jJljSLII) <«j*-lII <uA1 ^lLl^JI S^LbVI S^a (jl LdJLill »l olr jjia JlUj 
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jjjij (_ 7 J-!l tiJJj (J!Lo t(j no mi (q^jIo (J^-lLo) Q^jJj^j ^l^v J-Lu 48-(_Lj 3 /cJ9j 
^^-ulaj i^LJJS dllj (j-o j-j^I 2_jJijJL>J| 2al LaJI jl IjjJiS L«£ iLuIajl L^J^*- 
(_yill 3«Lua2l 3jJ3 mJjLjiJ I JJt jojajjl 4jjIi (jx. j J i taJ (_jjJ! SsLxisVI (ji dUj 
.(jl < pill SjLjJuio CjIj^>J,I (j-° Sjj^o (jOM3 jl (jjj uic j^c j ' • —' 
^_ya p^j (_£? : jji (_gjjjljJI tiilAJI »l olr j-;p- i_g JJ! ( _ t xjLj'^I Jlj i nil (jl^j 

.S(jJlj£L!l) ^=tll! <jji Ji-ta ^ Jj«j 43LLJI 
V njj^.'i/l a_^j=JJI ^^a j? (j no Mill ^^a cjJlxj (_gj.il mJjjjJI (J^Lill! (jl 

CjJj ' 3 a .^j^jeJJI oLj_Jul (j_o j J 1 a " (_ T J-J! 2 LSI gJI 2 SI LaJI j_ ■ "^"1 ^ a£j 
(_g?) Local Galaxies CjIj^>JU (j_o 2 _ I -*X\ 2_cj_o^>J,l jj| 2_j_C___J| cjLiI uuJI 

^^3 3JLoL^ I j"al U QJiiTii ill ^J i(Lio Sjjj^a 17 t_J^sl (^1 2^LUaVLl Ljjjjj^a 
rj iia-1 2j iSjJLII oJl^j 2_j^jj|j CjIjLS/Li (Jjj^j (jl » jlaj i u3 (jl^ i(_gj_aj i_r c ''-^ 
LoS 'S-lSj JaJI CjIj i i nil (j-U^LoJ JL»jjj ^ Sg3c i " CjLaLuta ^1 ^j JaJI IjL^i 

j j LaJ>l j_& (j n _ I (__jjij_l!I (_LcLnjJLa /<u <j^j . 2jjj.jIjJI ;*aj*_LJt oL^i! (Jjuti 

»l o I r aLoI Llaj or j-o'i/l -il-i^J I jiSL&j ,2 al LaJb ajjsJJI a\ < mi! Axj (_£JJI 
aj^jcJJI) LajJj-ij i ii II SJsLLs q\ dHall »l olr (_>iaju L?_>i9 'LSJ^'j-" lillall 
. I j"al U j^ajj! oLjii L^-Lo J o"i i n"t (_gJJI jJLitaJU ^^^ji (J3^ ^ajj ' ("J T *"' ^ I 
tiilj (_L_JL*3 (jSL«j (_7^J Lbjjjjajji jLfciil (j^jJLo 4jLo ^1 r-LljtJ (jl "-j-^cJ (j^-Jj 
.A^ja-JI oLoful (j^. j J i <aj (_ylll 3jLu>JI 2^LLaJ| 
^Ijj 1 1963 aLc ^ Fred Hoyle Jjjjk ^>3 jj^AII t _ J < Iritl /oJL*JI *U-j 
Ji_Jj_j ajSJsj . 2_u jL>JI daJuLa jjfc 2JjL^J| 2al LaJI aJJt, cum (jl 4_j£ Jj-aJ 
^_3 J ". lj j 1 a. ^yJU^I ^L^jrill <JL«JI Lsy *Lv i2_ujL>JI JaJLIa (j^ 2JaLL_, 

i ( _ > uLjj'^I I Jlj* 1 r 2 jin o Mill 2^LLaJI jjjj j mij (jl L4J JjL>-j 1 1854 aLc 

(_paitjj I Lj^ajtJ (_,i^. (j no i"ill 3jLa daJLIa (jx. ^jjiLill Sjill «La_uJ L^JLi (JLS^ 
»l olr (_JjJ *3->£ ' I J-* j"'^jj il A j_ 1 "^~ 3^W C 1 ^ 'j ''■"' )«_<jiLlII (jj^JI (_t^J 
I j'.al U j JLxaj LljL^^I (j .10 Mill (jl 2 j<IA1I uliLiI , n^tJLi -> .^"1 cG'i/ ^Lj^jiill 
. «\_ll^ (j^_iLa j '"-^ d i no"^ (j^ ^hjI *"' miLc u, Jo^JJ I I JJt (_ T le 
(JJa 1 JLS_Aj . d itii (j^_)^Li <l i n o"v J_La 3j^>-^a jhq Mill (jl lJ^jjlj LuSJ 
*-jjJI ^ iBethe Cxj_i /<JL«JI *Lv ^jJI^ V545CJ5 2_j___ 1 _ < j_ 1 __JI 2^LLaJ| j.u^ia 
i»l I < II •" La » a (j^ *3-*£ cr^* lS 1 -^' J-'" ^"' .' (j^> mhII (jj-^ll (j^ (_t-iLj-II 
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, -|M r- I A"ll ( j_ a 2 , M | , „ (jic (CjlJS (j .10 Mill f^S 2al Ull jli^. jjLl (JjL2JI J-Aj 

5-jj-la-i (_jJI !_gj * j * 1 1 l_Li J>J-»-J ijij-* 4>^ (4jL*jI (jl J^<-1 IjSLifcj .3jjjJJI 
(j_o I ' I i a " (_ 7 j-!I i-dJj (J!Lo SJslia jJjj £j\ » jl-^"" "_' i(j .i o i"ill dijS (j-« ' aa-i^3 
4-jlj^v| . U i ■ '-■ (j^SLi i_2jj-u i«CLoLje_il3 ^^^ (j}^-"-*-" i_P'-^" (0 in->JI I Jl^3 

. Sj_ijJll 4_j-»-u ^1 ufc^jj • flJuu I fraac i """ 1 1 J i ia « J u^- ^jlj-*-? . U « . >. '" 

j! -» '*"■"_' i3jjjjljj| j-JaLUI (Jj^is (j^ < *-'- a ' ' ' '**"' (j-"' CjLajUll ni ii ->.j 

^JJ 4J9j_^ ^j-« Ji i4_ij_L>. ^Jl 4ji o mi ^j-* 4jlL^2j ^SJ '" J '"'j m£ ^^l r^LljiJ 
Jjjj Lo i(_pLiIiJI < La " ' " j-;^- jj'_J^-!' O^ '-*! O a " '"' J' ' J i>-' "^ '^i>^ 
t Mint i^_Ji_A ^j?E-iJi 4_»_tlj (33^ ' * ' ^* j1Jl^_« ^jjSj i ua .tilLiJI »l olr ^j^* > 

V «1_ujla a^xj>- liJLuij . Cj lj^>J, I j a^cJJI (jjSLij lyLuaAJI ( _ T 3 tlj i inWLL«J,l 
^^J! J j j i ii II i a j*^'" (jil iL^jLp. (j-o 5-ajii"il,l (J^.ljJ.1 (^ a^jclII Lfcljjuj 

Sa^J?E_LII f?l I Mil (_ T J3 J Laj ' 1 I (QJ5EJ>J1 ^J rt^Cl^ll ^jjj LjJlI, u-^-u^ ^ i n"^ -i^>-J 

Jl^Sj ^IjjJlII (^jIsjjijj (jl (JJJ 4iSL^JI <Lul i^adJI aI i nvil aJJb «_«jajj I tUJJ 
A^jtill oLjilLl*j£j>o ' ^Qj SL^la-l ' SjjjJIj 4jjIjj>JI Cj^icLalll ui uJ iS^UI 

p^ (J-* 

Cjj-JLs ,3_aL»JI 3 j i i, i "ill 3 wl^;tl ^ (^jLa i^liJI (_>i>l>k:VI Lol - 
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» ' ^ 3ej ^_^-Aj tCju^j^JS ^ o i n" CjL£ (j_a *l*9 ^ fl 3.}La p&j^ajl jl t_^j-J tj^"< mi tl 
^jjlj-iaJI (jj^l-lal (*i^ (j -0 f^*- 1 ll> ::;tJ J 'cO"*^ < -*1>M f-i-*- 1 ?" * ■'*■*»" LiS «LuiL=U 
^1 ^ 4-uiL>JL9 lEscape Velocity (clj}LaVI 3-c:j-uj) l^oml Sjjs liJLufc jl 
ij-SLaj (j-SLIj 'f^J-^' lilli 7r U i ii (_yi^. S-S^j-j-ll .sljJtl J£ JtJuj ^1 Ja^ r*j->- 

ic.J_cuJ f-SJJ (jl l - r ^?J '<_P = J^' I t T"3^3-5^ (j"° (_y£. L-l-3 J-*3 jl 7"j|jL-3 Jj^Llal 

C-J fljj r ' i^aAJl ( _ T 3 (jlLaJj (jl (jSLa-i (_^>- i«LoL\JI (_^ ^ia >^£ 7 , 2 ( _ r tb 4_c-L*-a 
(jl 4-LS-LaJI CjL-uljjJI (j-o (J-^-jJ JiJSj . Ijlj^o 'U JLJeiy 'O^J ^ ' '^h 1 - i '-^ (3-° 
j i^ll jl dil j i3-uL\JI ^ ^p^s ^1j£ 7 , 2 (j-o Jjsl j -i^H ,j-a O^La^l <£:jj-u 
<icj-<-u jj*\" i ii q (j no i"ill 4 j i nilL l_ai i ( _ > l3j'2l <_*£j£ (j-a 4_oiL»-j «LtS jjj^sl 
-/o^u^JI 3±£ ^yk: Jl^1»J i2j}LsVI ^ju-u jV ijji£j liili <j-a >£l i2j}LaVI 
e\ j i"il (j-SLIj . Lj>j_L> 4_»_a < . . ..I '"."j-^l ,>.A1I ^J| 4(J _iJ| 4_Lo Jj I La ij (_gj.ll 
iLcj-lm jj'C" i n-(j ii o i"i II 4 l**iS (j-a CjIjJU (j-U^La I gj Ua xAjZ CLus>--*^x^1\ 

iajjsJJI oLufui (j-a C-Aij (jJ£-4_n i nill 2jj t\itl (Jjjjj Lo-3jLo ^j JaJI aI jLoj 
i4_LjLfc sL^-jJtJ L^jjlj^*. 'L>-jJ pLflJj! («-C.J a 1 Ua " Lai i nvl j J u i a joj (j-aj 

j j y i ii (ji! a^=_L!I oLijiol jLa ((JjjJej (_p 3->Ai iJl=v ct^! ^LLaJI pLi-'j' c-^-j^J 

^^-S Cj^Lv j_A La IjLji (j .1 j I (j-SJj . fts-HjtJLl «LUaAll ^^3 A^LlaJI (j^ 2«Ua 
2_ij i ii ill Sj^Jiill j? cU^j ij^Ial^cVI I jut ^Ir Jjjjt jj i n'^j^-JI JjJJ . «^I^JI 
4_LaLS Lai i ii -vj lI^jLS _oJ La-J-3 iaj^c-lII oLuii/l l _ 7 i^ I j^^ijU* ^jSLa-i 3_aL>JI 
^^Jl i_h ifrjj I jLtijVlj (JSLjJI ilaJt-uaJI (jl JLu . J'C Mill 3_^iiHa SjLrruiVI 
( _ T ^ Sjl J" i nVI JJujJ (<U (j-aj (oJaj-La j_lC I glS, ui (JJtJSO i^£jj,l ^=-1 (Ji-ljJI 
ii—aljia^l ^1 Lj-La ^IjJLl ^_)^« J jj j~ I JiSjkJ . 4lj-a-"n ii a AjSI LaaAtl aI i n-v^ll oJUk 
jt > o"u n^i 1 (j-a a^j?e_u1 i>L_tul (jSL^jj 1 JkS_Aj t g. a-ilaj t CaI^ > CjU^j-uI i>Jut (j-aj 

. (j^ ii nil (jjs (j^j^L SjJ, 2al LaJI JLvojl fjJs 
■ <~ » ' (jl (j_a 2 JtJ 4_llj_C. J-a^i I J^J>J JjftJfc jj i n^j^u-ll jl J JjJ LufcJ 
aj^cJJI tfl j i"ii (j_a I iLloj ( _ 7 jJI 4^LLaJlj f.^juaj\ jLS liLa . . Z^2jus \j J i gjj 
lLj-i lojJI jJ-ill j-&-<Luj-i^aj I CjIj'i i nil (j^j^L-sLijjEjjJ I CiLal i ii 1,1 aJJb j-x£l 
(jil liL«i ii_jj^J(JI /ySI JaAll /n i n-»JI I Jok i_ul^>- (j^ ' " 1 1 flj jl pi Laj i "I (_g jJI 
JuX. j-a'ill ' tLflJ Vj .?4ji p i n->JI «jj^5 LtLcaj ^J Lo_ia (JL>JI 4_lLc j^£Lu-u 
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(jlSj icdJi (j_o j-i^l 3_ilj_«JI ^^Jl ^e. ju LLui Jjj-a '^J '**** <J^>JI I j^* 

a^jcJJI oLuJuI (Ji-l-i 4jjI jJI 4_uiL>Jl jj-a ;*jLiJI JaJti^aJ I (ji (Jjoj* (Jj^i 

r •' '^-'J J ""' ' "~ O^ ' SlJI (jLs ,_; ''•"^ f^J^" Cr^ <— 3iJ O'jJ- 5 <-^Lufc dA^ 

Ll23 I j^'a (jjSLj (jjJI 3JL>JI (_yJI /n i n-»JI J i^aj (ji (Jj^j • Ajii 3_uiL>JI JLx-o 

3-ljj i a II 2< mi^/I 2<- I U* , ,.l ^^3 (jjSLj-iixJlil! ijLJI (_y3 ■" i auj, ■ " LaK-^jjjiI 
joj (j-oj iJSLfc 4_uiL>- (JL*-a (jj9 CxlflJ 3JL>JI oJLA /y3 L^-cSLlj i4_Lo I " i LS (ji 
.(JjJal «L»-j_o Cjli (j^UI tlj-«^v (j^SJla , I j"al U -^ U . 1 SjJaLa 4£L^-La TTj^tj 
(j .nl'q i ( _ t jLlLiJI (JjiselJI 3*1^ (_jlr Cj^LjJjj (Jj^o (ji l - r ^?J lilli (_jlr *Lbj 
Li^. JjijjJ ,_," JaAJl /«i i n-»Jl (ji ij-s^v^l (J5JJI *>-$->• (_5-!J i—ojIaJI 4^-ljt (_j-l*-o 
djji (j-o - j 1 a 1 1 «U /Tj^>- i_£J-ll -il-£>- ^1 (J-oLc (Ji-Jij (ji t_^*J l_<j_i|^ n^ii n->-j 

aj^cJJI a\ j uil (Jj-SLj (ji t_^=-J ij-jp-^l mJIjJI I j^* (jj/Lj/'i/l I jui (_,lr j 
(ji . (_£jJJ Jl>-I V SjJLi^sij t—ijjs! joSj . LojL-u u^£!i Lx_4 Lu^>- jJLcalj h- 1 ^' 
L&J_*_i (Jj->- <A^-x-jJ\ e\ j mi! (j_c SjjIjJI aLsj^I <Iju2 (_y3 I ISS i"i_i (JJ3-& 
r I 1 I c J . Sj_lj>JI (j_a 4J jl^S V J^tJ (_y3 Lb /. flJJ 4JI 1 L^j^LUolj Lj-«Je a. _a 
-jj^dL>JI Cj^^JI (_y3-(j^jSLlaj 11 . l-l2-uJI a tix^tjJI (_y3 (jjjija-o (j^Jl^j La dJLLi!l 
dJJi .. aj^kljJ! al j mi? jlj-<-ul (j-c ' a ulSUI 3JjL>J. iSjjjjIjJI jiiLill is ^. 

.(jjSDI 4^U- Ji^: x^ (^jJI jJiill 



yjj L^aj /c_jj t l_Aj^c ^ j-i nt aoj?e_J1 ^1 i ml (_ T 1^. CjujS i uIijI OiaLm LajJt^. 
3^.j_«^jc_a ^^3 /o_5e_L!l 4_j_iiuJ '"• LaJjJI (_ylll liiij I J se ilajl (jL? 1 Lj-La ^jjSLII 
^^3 (_*j-uJI jji Llo ^yjjjiill (^jl uadJI (»j^>iil i_iji Ui^i ^J iVirgO alj jjiJI 
Cj J j mi (j_jjLa j^IlSjJI I ^ U^"tl iJ ^u\ jj L^aJI /". A uiS Jl2jj .7-qjId^jI 1 Ju^ 
ijJLLifc (jL^ jlII .j^-T s^i?-^- J-°' d^ 'j'-^W "-jjS^Jj (jjj Martin Schmidt 
^ JJGj-CIS-JI^) ^ jcxb^a ^j -3C 273 (273-oJ 3) JjLa (ojso 4^<i 

^JLcoi (JS i"it1 (J^ilali 1 ■■ d J->-i ^^ >1 '^a p , ,1^. 4j_a 4_ij_fl_a (_ r l^,j tfrLq-i nil 1 la 1 "J 



g I L*aA]| ^ ^^ I (jr^ ^ rt w 2 ■" t (j*ju 4_«^Lc 

(jl tc^vj_II (j-oj i(L$_L£ Lujja-o j L^a (J^Ia (Jii-a mJ|) 4_uj-u3 «La-u <_iJi 3jLo 
i(Ji-l jJI (jJI jLl>- jLtejLiI l j r c tzIli JL3 r*^"?-^! <4j-<i '.'**■' ' -"„' i_£ j-ll i_ujj! I Jbfc 
^1 3_al_L^l_i S-j^-plj Lvlj^sl Jj-ojJ I uijl jjij . JulaJI I jUfc ^1 <U i_aJL3 
j-tb <_*jjJI I JL& (jl Loj.il lilj i ( _ t 1go2| (0^=-iJI «UjIi bfcj J-iaJ (_yJ-JI CjLvjJII 
tt w f-> I t^\ i<t*2 1 p i n-»J1 CjLIAj (j_a «Qj2J Jjj?E_a 4_)1 Li^jX. Ijlj t Lijjw?e_« /qjtej*-) 

./cj?e_J1 «Li_tu (Q^>- (JJ^tli-J (jl I u£ I Iaj i ul (jy^ 



Stilt 

^^jfc ia^jcJJI oLuil ( _ T 3 SJsLLaJI (jlj (Jj-23 3jj la u ljLLoJI »l olr (_>AjtJ 77j^>- 

*3i"oU,l ^y^jJiJ jji L^a .Anti-Matter i"oLU ^pa-iSJj 3jUI (j-u a >l '^" <L*jjJ 
L^J CjLjjjjij-JI L«_Lu i4_JLu/ cLlse-iSi I felc Cj ujjjSLI 2 1 (jl i_2j|jjil,| (j-o 
(jl (_^i t L«Lxj ' ±J~LSe i *_L£D^J1 (jl JU>o 3jLI,l (j^a J 2 ) (_^-^J * 4_l>.^_« d Ijc m 
(_, o i n _) 3JL>JI oJlj* (_y3j '4 '**• '"ill «UJL-u CjUjjjij^jJIj *L^>-jjs CjujijjSLJ^I 
.(Positron (JjjjjJjjJI) 3 i-a- Mill t_t»-j^ (jj^pSH^I 
(j^LcLajj 1 1 j "'■» i3jU,l ^_)^j^' (j-o 3ji «_o iJoLtl (j-o 3ji (JjL2jj Lojiixj 
(_j-3 (j I La '" dJjLji SJsLU ^1 I ^ jj~l~<s ,_)S J^tjjj I ij'^«' (j I i La -» j a L*-a 
(jx. I a-LlieJJ 2 & Ja_Lall | 3j jjlj . LaL>. 4j(jIiI (j^ CjLvj^ 'Lij-* (_ylx. 03^-" 

4jj/jSL«^ Sjjj-o (_jJI (_yjt (Jj i4_uLijSL!I jl 4-ut^LjJaJ | I j"l a,^. ^^a 3j^L«JI 3j JJI 

.SjjulII SjjAJ STjwo Sjjj^s L^JlSj 
LULc (> j^ L^ .(^1 ^1) (jj^^VI jl j^u (24-J£LiJI) ^ 

jl i ii j II (j_o 3j JJI (Ji-I^ aj^sc-a (_ 7 ix JJJ^J (") "ijJLj-u 4_Uj-$i <l 'it i*i (J^seJ 
4_u>-^_« d it mi (J-gjrt-L^ i((J^j_ul (jJI) (jj^pjj^jjl jl 4_i-ia_L2j Lai .(j-L<i_jj1 (^Jl 
Sttlajj I Lai ■ jl i imII (jJI ^juijJI l j l ji (_gl 4_ujiSLc «L2j^Lij ojj^t^ (_ji£. JJ^J 
(jj^pSHVIj (jj^jjjjJIj (Jjjj^jJI (jl .4jJLji S^Lta I j UlLc Ll) (JlLoIia 5>XLia2j| 
?Lb (JjjLu/I (jJb LAjjJlJ CjIj JJIj idilj JJI (_p sLLi (_y3 (jj/Lu/^ll jLtijvI 3_iLlaj 

(_Ls j-j^SLj (_yi (_L>-jG (_ T lII S-iLU I niil cjL1j^>JIj oIjJlII (j-oj iCjL*u^>JI 
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L^jLu^vj L^jljjjSLi i4 l^xS-LII SjLtl (jjSJu (jl (jSLa-i (jj/Lu^l I jut (j^iflJuj 
2 ,^j^;ll s^Ulj 3j^L«J! SjUI (ju j-ujwJ I (3$lx-! V(j£Llj 1 1 j^ la Jlj L&jjj-oj 
jSLa . Lab. SjijiljSLi^ 3jLl>. 43 LL £jj3j 3jj^-" oji^tia i}LL2j lil VI 

3_j^J3 < " » I a I U t jLujuso Jj-a'i/l (_i jjfc iS^UI jj-i^s jiitijj Ui^-" Cr^ LJ^v La 
^JLjSLj a JJa-LQ I JLS 1 La SjLa (j-a (*!>*• J-^P 0' Ljjiloji ^3 . SiLoJ CjLcL*-<I<Ij 
Ij^c La i(_^a^l c.ajj| iiaLSj J'C i"illj p^_LJ1 (j-ojLi (j-a d .><j^ ■ SjLa (j_a f'L'"*' 
jj ( _ r ^>- L^J^>- La (_pj S-iLtl /, aj acJ JjJtJl^. i(jjjj^_Jlj (jj^pSJVI Cj I i -a- i"i 
(j_a I J 1 ia j S ' J 3jHI cJj^so JljLI .jl S> i nil (Jj-LJ^La L$J 3>J-JJ 'Lj'^ CxJlS 

. LgJaj. La J£ LdJLjj SjLo. i^jLcLtjijIj oLsLU ^1 i2Lflajj«Jtl 3_pLU LplU. 

3±£J| = 2JaLtaJI) :£^CL 1 ijjV3jj4 J iJI 3J.sL*Jtl J^taJ Lt£:J <£>-»^<=J La jjmn'tj 
(j_a aIj-^- J Lpj (4_oOll ( _ t 3 j"">j"i ' i n lu s j i a 1 1 &Cj_uu f-Jj-a X CjLalj^>JL 
( _ T A!| (_gi (j-Lalj^v ^JbS jujLvuJ ^ Ja-uLdl ajLil (j-a (*!>*■ ^rPJ Sj-iLU 3-iW 
-j uaJ I 2 Cj ■ "J-j^ fl-i^al 3_j}Lj 4-aLalj 2 r«-3j (^1 (3 10x2) (jLjJ1£Ljj-aIj^>. 

'j"" 1 .!" 1 '" "( 10x3) t_gjl i n" 3_uLi!l (^ j"ioj" ' i nILj 
= ^"mimI 3_taL« l-j-u*s>. 3JaUaJLa <jjj) 
Sj^j (H,) Erg £jVlj (g-jl 3 I0 x 18 = ('°I0 x 3) x ('°I0 x 3) x ( 3 I0 x 2) 
2al tall ojui J^cJ (jl LLlLcj isLil*JI (j-u I gjlc 3j ""' 1 1 SJsLLaJI <J1)IJl».j (j-a 
j_uLla (_jJI ,2 ,>.j^;tl SjLUj 3_pL*JI S^UI (j-a alj^.^ij£ a vl Laj (j£, 2^>oLlII 
.3-iLtl /. I dJ LaJiJt^. jj^tjJ (_ylll 4iSL^JI CjLuiSJI (_ T JJ(-a LJ (jl (j^-JJ jl (jS^j-l 

! (S-jji) 3ja_«j 3_Li3 2200 ^I^J Sj^ajiJI a^LUJI i^jLuj SLaLLaJI ojui jl 
ji^a i(oljJlj£LII) j»>ajj| jsLijijI (j^ jJmaj L ^ji\ SJjL^II S^LkJI dJJj i.iin^j 

aJJt (Ji-I J 1 1 j la-jiuj SjUI (j-u aj JgJuua (jc S^JLi L4JL1 1 dial I »l olr JL9 
La a^jejJI oLjiiii (jl Sp qae call jj 1 .. A~tl jji Ij^fc (_L^3 iS-ul i^anJl al 1 n-val 

.j^SLII 2_aLv jL^. Ijljjlj q^j^ 'j-*-' cP-*- 1 'j-^L>JI toJa^J! u^>- | -^llj 



l;j"j i.i^V Jl>-Ij aIj^*- LijI-LLa 4ij5 ^ CJpl Ijl (^l 3^2JI ^jl 1 ■■" 4^LL 3Jl^-j : Erg. z-j^l (*) 
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^gj-iljJI iSlnll |dl1c 
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J-itjjuJI v9^"9 U9^' 
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5 Uai\ ^ ^ 1 



3jl_j-C (OJJlJLI! (j\ i n I^LI 4 j in'llu »l Q i nil (Jjjli 

J_lUI 3 o ll-s L^pjj i(3j0' ^P j^-^' *>^3 Ifljlr 

ijjjiUli 4iI^T-J-« 4-uj^a SjjJlC ' t— 2 Li (j'4>^ sl-ijj^J! 

jJljjj . j-iIaL-ua lj j < i"ilu i«LiiiaLiJI Sjj< jll a^jcJJI 
iaj^jcJI! a^. *\ fctl CjI^jjsJI *-£uJ aLJS q\ I n'tVl (j| 
Vj 1 1 (j'njjUl ii_iii-». ja^£ mjI i_l!l_L4 (j_j£j (jl (Jj^ 

sUljlAiJI ( _ t s ^Luial (JjIjI (j-o culs ajjsJJI (jl jlj 

*1jJ LftJ^ i j A ii"i 1 1 IJljJ (S-iJiill (jLtujVI Llt.lt.-v (_yl!l 
iJ ^ jJ^QJI 1 JLA cLLa (JJtJv JuLlj . j\ju-u] ^ya <* *^ JaJI 
I ,,-.1 ,^.a 4j^ mi it! «GLx>- CjLla^J ipmj (J^L>- i(jjSLtl 

jsJL»JI Jj 2-j liLo (j^Jj • ULcj LsjjjiLj^j ljx.LJoj 

3_jj^S 4 j mi ji 3-jj^^ 5-jji o i n aIj^vI Ajja_Ltl 
j«j U- ^ 'Sj'j-^N Sjjjui 3jajfcjio Spheroid J^ lUI 
iliLcl < Mil «_laj>J mjJ-^-^u jl r J ' <a ' 1 ^ * Mia (_3-^-3 
(j^ LJLc. a^jcJJI (JjSjjj /j i ..jUl i« ^jj jCII L-ajiaJ! 
I <} ) a j J ir-M LaJ_t£.j lAjol^Jlj (J^vjijJljL^JI (_£jLc. 



Cj^LcLoj «L*-uj Liiijj SJsLLaJI ojuij i/oja-JI tj^-l-S J*"" "1,1 (JjjVI £jC /tUu 3iSL& 
? j_cij I c ' " ' I i ua-j (j-« Cj^LcLajJI oJLA 4i^pj La (Jj^Ia d^J •^iJ- i ^il?- 1 
i_2jju (ji » jU", , ,.'. i Lfcj JLxaj (_yl!l CiLiiajiJI ^J f I o"i i iiVLi-L^Lilal-Ajja-iJI 
4 4 - ' '"'" d^" 4-1 J-*^^' ' ^U 3^Li>- (jl lLa_l>.j . A^?c_ul jj-£- Cj La j U 1 1 (j£ 
2 <LJI Lo-Sj 'J-^" 1 (j"-" 1 - 1 ! (j^ Li'-" 1 - 1 ! *-& j-i-*- 1 D' * j'-^" 1 ' "' (^J' """ 1 '^*. .' 
cLu-uiaJI ( _ T 3 d)l) "*'"- J^-JJ "^ tiUjiS 1 1 " 1 1 1 1 a • 1 1 (j-ujLi La-gJ (j ' ^ l ~- '"■ J-^J^ 

, < ^^'-^' I i la >a la a- ^j ■■■•" Lo-^J 
I J ' a :4 i-il"-tt-a (j!_j]| i-lili i3jij^>J,l £j\jlJLi >-^_iJ| j la 'u l j t X A^xjll jJLjjj 
i— a^CL>-l i . j i nj • (jjj'^J j-aa» V lj jii i<->al L^JLaj i(_yoLijJI » <^l'» ^j^^^VI 
(j^Lc l)_j1!I (j-o (JjiUj-ol dlljjj '^ mAj joja_JI Sjlj^v AjvjJ i_a^li>-l jji (j^ill 
/OJ ij-s-^-^l (J3-L1I £ilJ ">jLh*- r\3- : *-'^ (J^'j .(<s^=-iJ! •*• la i "I 3jlj^>JI 'Ls-jJ 
(jjJJI Cjlii lj_ii-lj (_pa-uVI (jjUl Cjli j<u tjii ii->2l Q3UI Cjli a^clII L^jJj 

t 1 1 n -*-j iCj_3^J1 *_« L$_)jJ ^—jJLLi a^?e_u1 QjJb j^" ^jl Cxjj JuLJj *t3jj^' 

CjIJl^>.jJI aj^jcJJI j j" *"j . LgjLi£ (jJJ Lffc^^LLa (j-o .jjU'tl j&L_u ^^3 L$jl£Lo 
L&ljj t_^\ '(J no i"ill .. A^cJl! JULo j_ji-j i«LuLiiajill aIj^v^I (j^_i ^Lu-uL-uj! 

. L(jLl>. CjLajJLa L^_L« J g"< i n t i _ T jJlj ^J- 1 (Jj 

( _ T 3 7T I I ll" [j-U^LjLl JjlJ (J.UJ l"l Vl ,d I llll ( _ T 3 L&lj_l (_yJ-II a^=-lII LAS 

CjIj^>J,I Lg-j-Lc (jJJa-j Cj Lc j_<j^jc_a ( _ r ^ (JjAjj (_yll! (_5-*J •CT J i^-" suiajill 
CjLj^jSLII I g-ilc (j I Laj ^j jo, ^^3 CjIj^>J,Ij a^jcJJI JlJuILso Liiajlj iGalaxies 

. Constellations 
ji cjLilj_L>- (JIL4-1 L4JL1 CjLc£j£jI ojuk (jjiLJI JjJtJ ijj^j-" («-iJ^ Aloj 

Cjj^>JIj jjjJI 2 ^j^ 1 'II '» j'a JJ^I ' u"lj '"'I'alj »JI L^J^v lj-> . ..'. , VI tajf 
j j "aj n 1 n a. ijl_ij>Jlj (_Lsj_<k 'LjSji ijJLufc LUajlj i«L>-L>-jJlj (jLLsjjjJIj 
i«L_L3ljLLa jj^; ■"■ jJ^L^. si i nil <L3eA"3 «Ll31^xjj .«LtSjSJl ^S ( "it ^jjjLi-fisl^jl 
/CJ t(j-L«_a ^J '^*^ jJ^L^. ^i JJJ ljujI ^j^* I ^-3 j J ^J l_a^>o iJJLLA £j] l_d -^ ' ^*" I 
(j-C Jj-S_i (jl jLj-«-J,l (j-°_3 -lij^"' ^ii-iS_jS (j- fj^? LgJjy J(j"*J (__, ti"-^c3 
i _i in-v i^Li_o (_ij^>JI jl (_fl_o^aJI ji sLlJaJI CjLoj£ L^JI Ajja-JI CjLoj£ 

.«U£ I Aja j La i_ xUb (_gjjl J L^aJI 
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cLujJI qo folic 

' I * C J) J 3B ''ill LaJulxI t^j M o i"ilu 4_JjLflJ,L) t as j * (<•> A^j?E_d1 t_^-J (j^e-JJ 

-(j .10 '"ill JlJU-LlI (S^>0 t-J^JS '-<-'i 1 '^J- 1 ^ 3 t3^^ J ® 4^1-«Jl-a L^, JlAjJ limp i"i^ 

<Luj-cb 2 'n n 4j3 4-sl "i a Lt£. Jjljj lAlfaCentaurus ^j"jj^'° l LAJT r«^=-<-ll J-&J 

U "JJ ' a *-^ I ' JlJl ^ '-^-'rh 1 'J-^° _>^£ Uir!^- ' 49 ' "j"'^ ^ Ct^ ^^ <J " ° ""' "^-V/ 
oL*j ^1 J}j-2 (_£!-CjLsLJi,l 3j-^ O- 5 ' • Ch-° >^ (uiri-'iP) Q3r!-'- a U3r!-'- a 42 

<l I I 'I flL) Llx^L>. A^?E_u1 £^_L*DJ *_LdL_u j"0 '"ill £^iiD ^jl ^ ' 'M i^Jl i I I I 'ill ^_A 

. ^loi nil iJr 2 A^?t_ul (j-O^L) (j-o SjJLJI i la i uaj q (C^>o 2n «j n o '"ill L«j t Lu 

liLoj ajj*_lII CjLJuj i tuS i^_p : 4 l^i i.al (djvl^jj S Lj^JjjI ( _ T ji Loj 5 LjJL*!, 
j-p.^1 (Jlj "ill I jufc (jl . SLijI.} 2^<>>« ^ n."'a 2jJjI l(}UI a I SI j"_'l gj Q^'C" i ii 

4j-ii3 ^1 ^Jj iCjj^jj jJjj (_5-*j i2jJljI i". ' imI AjjaJJLa i&cj^jjj cQjLvl <jSL«j 
141*11 i.al (_p (_t^- 2jL>-VI (3^>-«-i (_yl»-j .. Jj-»j J^- (_5-II "^j^- L^j-°j L&jd^o 

(J-Uj-i JL9j i4_ljLJLjl AJ^?E_Lll ^y3^\-L^>- Aji£ (JUjWJ L>-J>J_4J j'lQ '"ill Jl>- 1 '( ( " 

'/ 10 ^l^v (ji IjJls-^3 tJjK-in'll (j-o »(_, i"i_) ftt^-i (j^-iLa «_ij ^^Jl^v sLujuI 
<* La mill 3Jl>-j ell i^> i _ 3 _A j"i] miIu 1 u 1 1 n q\ . j"<i Mill d i mJ a^j?c_u1 a JLA ^j-* 
iGLSLj^Sj ojLiJSlj «UiljS S^ljJ j^t^j i4i$(j .10 ."ill a\ ta-Lll 3^>° cr^ i«LuljIUIj 

a^jcJJI (j^ Jju iSolar Family 2j nm Mill ej-L*^\ ^'"^ , ..j'ijtl j,>..tl Ijutj 
(_gl iMain Sequence ..m'ijJI «_>LiiJ! a^>o 5JLjjii3 (j^j /sj*j>JI 3 U , „j" ^ 

. i— il j Mill <il».j^ ^^^ '-^'j I- <j-"l A ^?-'^' 
aIj^-^I (j_o L^jjjjI jljii (_^Lij iLijLiSij «_uil!l L^j^IjSLi (j^laAIIj 

<ilu Q^lLo 250 (jj-S 4_Lal£ 3jJ-i f""JJ *>?**' Liiti 3^>° (J-^* - *V^ ^J ' "0 '"'II 

4 i "i ILi SjjjJI ojui ^ o i m"j . 4_uO!l ^^a ^P-a ^Lp 20 > I jj S.c.j.tuj i Lj^23 
i^ILo ^Li^ (_aJi 384 j Qir!^- tT^'j^*" o"i ''iitl j-^ j-^riJ Cosmic Year 3_uj£J| 
> I j j Lo i ( _>l3j'2l -»■ U , „ 4_ujLv j^c 5^o 28 I J se La i ■■ (jji^ '^■ i '^? 1 ^' ' J ^i>-'J 

.ALC ^j^-LW L_3 2ll ^ I 'I Q-*. j'ltl '"ill j-q£- 



IS 



1-igjuJI ujnjJIj OS^~" 



HUUi 

tja i^*i (j-o (jl^J i«L*j-ulj i — 1 1 j la a> S^-ji-^l Cilj'r i nil ( _ T 3 L*liill ^LoJLc LLai- 

(j n o mi I I 4_L)L$JI iiJsLLaJI oJLA jjij-a^ La : ^Lj^Ia j&^jj_l>. (_yl!l CjLcj-ciajJJ 

«L9i_La (j-* ^Lu_L£3 l*>^- i '"' ' "J* ct^J J L*" 3 * 3 l^-*^ 3 c^J -3~?" ^- C - J Lr" 3 
.(_£vi.2(l <_x£lj£L!l ^1 jji-VI I J i a « J J-i^ajj t»LuaAll ^^3 L^alcJ -SJljjJ 3-a-Ji^. 
SjjjiJI CjLvLoJJVI Cj^LcLijJ «La_uJ ujJb a^clII ^ySLij (j no Mill Zj\js>-j 

SJljjj i Mint 3) o"< I n a gt A ,^> t (^IjjJ ^^^jjlj t A^_LUfc ^Jl L^lj^OJ 4_j_Ll>- J)j Jl-L$J 1 

. I j » U U .i 3jlj^>Jlj i U j , ^ 1 1 
«^v^j 1( j up ."ill (j^iJ (_y3 CjljLkJI «USLLaLbj (ji diiill si olr ^j^* J (_£_>i9 
(j-a 3jlj^>JI SJjJlJu CjIjULIu i_2Jl2j (_g JJI SjjLlII 4_lL>-I jJI ^jjill i U j i '-. ,J| 

1 j -> U , „ c^jtli La lil i3jIjj>JI (j-a 3JjL& CjIjLu ^^3 I j-»U , „ ,M , I j j U I j 

^1 j-^->3 *jl>^- J- 3 ^' oljLull Lo-Lu . 4JsLLa f-U-.il r-l LaAil ^1 ■ -.. .v,l 

CjIj jJI a 'I Ltaj 4_c£. ;*j-cj (_£ jJI j-a^l idJjL* CjLcj_cuJ <l2lLaia jrn Mill <jiaLi 

pLajJl ^ (UjIjJ J^Ij LJj^pSLII i_<.lu T i £ j j! J_2i3 (_gl) (jjtjjj /<uv>Lu ^^lll 

(- I C i«LuLl!I (_3 jla ^ij^ I 50 lLs 1 "j~ I I (^ f-Lp '-^Lcj-"'^ pj-^se-a ^ji*. 
^ i^i jJI I Jlj* (j^ (j-J^-iiLLa ;»LLaj ji (JjjL9 (_g2 «■ i^-i-iej (jl OJ-5J l^^^* J^ 

.Jt-.nU 

jJi^Vl t( jii Mill 1 -1 La (_^fl (J-«-SLj 2«IUIt j_£^l jjir-ill jl ^j^jjUIj 
*_Lu a j La " (jl »l oUII (j-Laj MjJJIj i(4jjia «l>.j.3 (j^jla 20 ^l^j*-) 3jjiej-u 
6 (^l^jv ^ n o Mill ■»■ la i ■■ 3jl^>- 4^-j^ (-^ Lo-4- 1 *^p-a ftLp lJiji 224 iJ7 J]^>- 
jjuui2lj pjjl Atomic Theory <bjjj! 3^j T>» ', tl .-,U<- i jJD .4j_jla 4^-jJ <_aVT 
3iLflj>JL9 ..4JsLU ^1 SjUI J^tii pLilaVI lint- (j-a (j no Mill iaLU jjj-al 

2 al U tl j I La " 3 (j no Mill jj*a\lc (ji_i jojj 4_JljILa 3jj j r-LaJjl CjLiLa-C j! 
La A j mi j i(_gjj_i r-LaJJl L^J CjJi^eJ 4-aJe-iIa 4jj!i «LLq j.h Mill (jLSj . L^-La 
j I La i j I I gjlg ^i?^ <: ^H : ^J' J *• *J . ' " f-* ''^!-'i ; ^ w 3J' Jl T^4^ 4JL-L2JI ( _ T 3 CjJl^ej 
iJjL^JI - La » i a 1 1 dilii Oj-La-j i uJI ojui (Jiajj (jljjLij *Jaj /_£ i I J I a 4JaLLaJI 

. JL>-I^JI ^-JjJ.1 j"ioj"ii mil f_ 7 i^- (j-La (j^jla ^-Lu 4JI yja. I 3J^ JiSljJI 
^jj i <aj a (", i njl i4 jmio Mill 4^LLaJI /?J-(3 (_jjJI 4jjj-cJI 4jjIjj>JI Cj^LcLfllllj 
i<lLaj|^m Cj^Lj^cIlII (j-a J^LS jtjLu ( _ T ji Jj i3Jl>-Ij Sjjijj (Jjj^o <Lu »c (_,i^. 



IH 



I.LigJI qo folic 

S^U^iVI "LsLLaJI dJJj 3^JaJ' jj*j ^! 'lj-=- L<^-a UolJ 3_)j)3_LJ1 "bjlj^JI 

(jllc (J-iiJ 4 i i nt I (_£_s~J (.j^ 5 - ^> J>1 ^ i—xjl J (j no Mill ■»■ U . ..a cdjjjj i3jLaj>JI 

(_aVT ^jl\ J ua3 jLs 2 S &l 1S1 cjLcLajj! ^1 i—fjt J3 "USLa olj^aLJ (^ »l o . nil 

. Cjl^j-a jlj'v 11 
ja^e-ilLa tQ .i o Mill (j-o I jl<^«T i j^,j*$\ ^^3 3_Lal£L!l ,-.! al Ull pl^ji - la » " j 

~u_pie-a 2j ' "Q '°i' diLsLU VI *JsljJI (^ ^^ji La Laj-lcj Jj^iuJIj <_ _>l mi-v^Ij 

2j miO Mill CjLcUmiMJ 4-lS Lo_l£j3frii] I Cj^LcLclll t&\ '< I nil (j-y^-° J^L>- I (j"-a-"l'll 



If&AJf 

f -La '^ ' r - ' " ' '"J *^ x-^1 -1 7c_"_» t > »"i i nil jim Mill 9t La i ■■ (__4^ JJ^"3 

5-llu.o.loJI » axil LljL? LajjJj SunspotS S-llu-o-loJI > "uJI L4JI ..«_o^UI ^yi-U^I 
»1 olr 4_*_u1jj %-us^a t"i*a- 1 i^>i Jl9j 4 L>.j_Liaj jrni miIL) ^JjLtaltXI i &t aJaJI ^jii 
~U^j_a 3 S La La ' ill ' j'a : La-ilolj ^LSLJu JlJe~3 L#j| . jjIsL>JI cJs^JI ^^ dJiill 
J La II 4 , ni ^ 1 nl "^Liial ji&~\ 5-Sla-LttJ "iLLe-a (_yjkj i Umbra J LaJI (- 1 n* 
4_Lo (_Lal I j J 2 1( jn Mill ■> La 1 •■ (j-a LiUJi, Jjsl 5-llu^-loJI » "uJlj .Penumbra 

LusLoJeJl j!&\ Mgj" ' 'I a (_jlr Lij^lj-a J JljJ l*U J& i<t>.j.} 2000 ^l^e-l 3jlj->- 
l _^2 I "j t~ j J LaJ La-ilj mJ^Ij-S CjJi^o V 4 j i ii o i"ill » axllj •» La i aJI (_ 7 J3u (j-a 
» 2 1 1 1 (j-« Cju_a » ua * ^i^. 5^_uSJ1 Cj IX.^_o^>J. 1 m^^II^O jl ^^-4-lJ iCjLcj_cj?e_a 

(SJljLSJI) ^Ji 1 ^ I nl i L^_L« (j^jjj 21 3*_JJ_I_U J-4-1 ^3^- I ''' ^ iaIa^-2M 3t_LAJV ^j-a 

(j^lJjVI ^h^I 3jLc (jjSij i(j no Mill j-ajJU iujJLlI 3J3L>JI (jJI 5-Jat < . nil (_yjij 
SjuLlIIj SaSLaJI 2 itaxllj . (SjljLUI) ^ul L^lLc (jiLa^ 4jJL\II Lai iSjJsj LCijiLoj 

.i JL_u^>- 2 1 j i t>-^_a 1 o nSjL>-t ' ^ J ■ La 2 1 1 I i\ uaj rt ^ Lu^i_lLd LtJLa (j V L*_a I o j I 

»1^"u nl daj>- ^jjLv ^i^. » 2ljjI (j-* jLijjI^La tjLl£ J o ^- rt J g LaJ La LuLcj 
(JL^a ->! , ,." .I jj^. jLi^Sij Lo^jLi (jjjJoJ.1 LiLLdJI »l olr Ji2IL«jj t(j n o Mill 
\1 ""^ VI ^tj ^j^Llcj LoS tj n o Mill ^S^_a ^j-a ^jLii ^S Mill ^_^1>. t[- i tuJol '* rt 
(Jj-aj I mi i" Lajj L^JIj i4j i ii o Mill )tJiJ! (_Ll3 I mim (_, i iMt-iLiJm (JL>J,I (jlj 
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CjLoljjJ j£lj_o L_jjT -» ■ >■"■_» t d_i i no ."ill )«-2-iII "J^ ' iulall (JjIjcjj aLloJI Jiicj 
oJlj* "-j-Ij-S 7-j-cisj-J CjljLiJJ 4_j_i j jJL>J I 4ijj>JI j J LaJ !il Jjjuiu i ■ I 1 j La i '-- 1 

» SjjI (Ji-lj ___-tl _j a " i ' L^JLSj cjljLkJI jj^jj L«£ i«_2oJ! 

r-jJiHj (Jj ilbu (J-ujJ <Lj ' "0 '"ill » axil ^JlC _ji I Ja-jT »l oUll •» LaJI Ji3j 
J^Li- i^yJjVI Jl>J! ___JI __£>». I ejja i U j gj aj 1( _, ir^^l Jia. ___JI (_yi.iT Jla- (j-a 
JjJjiJI . j ____. j___ Sjjjll ___ caJ32(l JoJI JlJulS . LujJij LoLc I I Lifcjl jJLo Sjua 
____}1____| «____, ^l_j (J^iaAI! (__hO_>S Jlaj Jl3 L4J (__,ijVl Ji^-JI Jiicj i_«-Sx!I <j-o 
Sjjjj 4 La jj_> a «L_u^3jT j_&ljli 3ji£. liJLuij .SjjJjla »_oL-ui £_»£. J^>J V 3>-)JL 

1 )l 3 la uol I flxa*! '^* * (_7-^ll 4_i i ihI^LulU ( ^<^»1j*11 jj /jU | j ,^ 1 td_i , ,m ,"i|| * n .11 

S-jj-st-JI Ci^Lualj-U ^ylc jjJj U£ ia_i<l.n>Ulj 4jj_jja_illtl CjVI LajVI (^ 

. L_JjL&L>ol JlJJlJ>0 (__,£ 4j 1 MjULuLll 4ij-ajjJI (__rLc J-<CL»3 ____ P HJI 3_jjj>JIj 



(_j£jj 1 Ju*jll «Ljc_uj l.3jJL*_a (^^j^l (__h« 4jJI jJaLiil _j n '"ill ^^jJS J"^ 
_jj-jJLa |jj ^"T i^^^j'ifl f«^>- (__>c J>_>3_> (j "0 '"'II («^>- (jT J-«2l 4-iLJL». (^ 
(j_a f_M-> ' lol ^"^Vl L_jJ ^3-" < 'j 2j 1 ■■ a l_4J>o j'ifl i"ill ___ £ u __)T (_>>-l (J-*J • 3_>-« 
___^ SjLjjsJI 3jIj^>JI <i»-J-i (_>c T^jLJI i_pL_jJI iLaJLiaJlj I gljjjLx _j-u (jjljjJI 
U i4i^u ___JI jlill -1 1 aj ^jjJI S_uiUJI 3^3 J^L»J La Jja-J Vjia .Ji-ljJI 
-3-uiUJI VjJ I LaJ?j iji-l jJI ___-!! ^jiUSLiVI __ys (j „ Mill x_Uj La ijJLufc _jL? 
CjjIU_uj (j mo i"iI1 Cjjj?e_flj ji-^Jl^HII (j_a (j mo i"iI1 (_Jj>-1^ ^>.LU,1 JlaJi ?«-L4-i (__AI' 

. .-I 1 a a 1 1 (_^ 
La-La j V jL»3 (j mo ."ill ___ Sjj tixjjaj 1 Lla (J^Loju (__tG_l2JI _jT j-o^l )«^Ijj 
(_Li.ljJI ___JI ^jiLkSLiVlj ir-jLkJIj Jj-laJI ____a (ji-LJI 3UJI pLaail _>u 

-1— a j 1 uSjI Cj^j d LaLa.-fl_pa .^"j _j mq ."ill ^^^j^ 4jj/IjJ Jtlcj . «LuiL>JI (JJtij 
0j~Jt> JJLc_ij ' ^___ uaJLI L_Jj-£»jj9 ?rj"-^ 3^^-^ td_i 1 n mi d f 1 nil iUajv^La (__>S_c_i 
i " ." 1" "n j (jp^-iJ ij-^3 '(_>^=_>-aJI 7TjL>- ^il^p^ jljSl! i_aVT ___J1 4jlIjl<J,I 3 ' ' "l^ll 
Sx.LtuJI ( _^ _vl« >Lp (jjjla __^ t—ijJlij 4jjijuo CjLcj_cuJJ CjLsLsoVI (_p (^ 

.Sjl^IjJI 
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I.LigJI qo folic 

^Ij^vVI (j_o J i a a ' " jJa I j Jl Lo£ iSjj^c. VlSLJiil jii-G 2 '< . nlVl ojuij 

Oji^J iSj^La CjLcVjjVI Ojui (J£ I". I njl (jSLlj l(Jlf«l Mill l _ySJ^ (j-° <LjliuJI 

^3 j,i ,",11 l j t ^j£ ( j_o jju «jj-& L 'I A ) glaJ L^jJaju (jl il i«LjJIjlII icjjjJI 
.^p_a ^nS lJijI 80 (^l^v «LcLajj1 i la i --j" rt (j^Sjj i4jljj_<_u «o^>- ^-^ 
(- I c 3-jL^v^U i4Jjl^JI 4 i i ntVI oJUfc (jjSIij j<s_a ''J-^J iJ'J^-" J-^W-y Lj-Aj 
Spectro-Heliograph ... o m.11 i aLUl I jl ^ 4 Lol*JI * qj-" , ,m Jlj mil I j_& 

•" ' " Sjj . I J~'»^.'^*' Mj^- <— SjJjJIj L^JUjSLaj jna ."ill 4-<jjljjJ a JLJi-"i I aJ (_£ j-tl 

JiIUj iSpheres Cjl_La_Lja_a jf ol *jt- ^1 imJj^JI L^s^J-cj (j^laJuJI «Lol*JI 

. r I i^AJI ,_i iJlil^lo j4i^-" LTV^- mj-II ~>*"' 

) g-laj 11-JjM^jLll Jijt£. jl J}j|J_liu]l sLljl (J .10 Mill (__>^=^J3 (_jjl ) La ' ' LoJLt^M} 

sjJl^JLi (C-s-i-J «UL£j iCjItjiitlj Cj I JjjalU I (j-° (j-JL>JI <j-nloVI 4 3c La • •■ LJ 

La cjj^I (j I. o M.tLa ijJaJ plji. VI jJsl^JI ^ (j^jJ Ijla (jSLIj .(jjuL*lJlj 

CjLoljjJI plj-il J-iiuV 7-jjujjzj ir-lj^^l (<sJ3^ij-« J-JU (JJui JajiSeji (_jJI (jjSj 
,<s-«j>JI j-jIjjj iS-uji^Llill (-ij^sljjLllj j-jj-oLcVIj Spurts <J1iL^Jl1!Ij Swirls 
(jJJ-^j-i-Lj V (j .mi miIIj . Lfc«lj^»-I J£ (^ (j .mi ."ill 7-l^>«J \-$i& iCjIjj*j£l!Ij 
lSj^-'z I (*J^-"I (j -0 wH-" (_j-^ (J^* 1 ^' D' l_H _><*l>LaJI o Jl^j- ajj*_lI I (j-o Lij_LC 

.Sjjj juilj 3S_^>- I'lii'i 

'•(_ylj La ^1 (j .10 ."ill 3jjSHI 4-aJlJxl I / " 1 1 ^ . U 1 1 f.\ pUII ^ , "^j 

(Photosphere <*Mrf£^lt iafc.Jall > j»«M^i£All 

(_^_Aj 4-ua-uaj I ^ 2 ■ la 1 1 jl (v*-d ' uajaAJIj <>1^_> m^ jJI ^ .10 ."ill ^-o^ ^oni) 
i>Ju^ (j-«J *^-* Jjlj^ 400 ^jj\^>- a a o^ f-^-JJ ' g J ' ^ y ..ill (^^j^jLiJl *^j>Jl 
mj I c I ^ j I . ^" . ,. i ( ^jJlLII i s j i a 1 1 j 3j|j^>J| £ya j_iSVI «j^>JI ??-J-y d axtaJl 

j>j-lJ-^J |j (ji^vjjJl_l^JI |_gj '^'"* (jl 4-iSLLa]| cjLuljjJI jj^ ?" '^"j^ •(_P = j'^' 

(J^j>-J)jJl_i^j1 d i mm f-Lp Lo-*i-l l 3 'J^^ ' uQJQ^JI (_^b Lc^j mi ^-uoLuul ^jI I o ifr 

Lai iSjUI ,^9,9 j»jjJL>I' Jt^lj S^j^vjil v^ljjjl jj^i ^ja 4jUI ^ 90 

sLS-lLs (_y3 j mm ilj .3jL1! (_y3 j I (j^. SjLl^. mj-$3 4jLxi^a 4lj?"ll ja^aLuiJI 
.(j no ."ill •» La "■ 7-Ll^o mt^II SJjL^JI CjLoljjJI dJJj i4j i no ."ill )«-2-iJI jjiii .Mpj^JI 
>-iC ^ . .i~w jmi ."ill (jl_j (J3-S3 ' * Soil ^JLA (J-i-isI (j^. 4!LiJl>- «Uj_LaJ (-LJLlAj 
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(jjSLu-u . «LcjLlLo «LuljjJ CjLcj_tuJ 1 4-jJlJU, I Lijljj>-I jjJj dJJjJLs tiL-uLoILa 
, 5 j , U ^ 1 1 ^jiaLJLl (^ 4J£. i3-ulj"u »Vt (jjIaLcll (_y3 La Lc^j f j-<-ul o'jJ^' 
i(j no i"ill •»■ U , ,. ( _ T 1^. CjLoIjJ (JjjSj (_jJI CjLcjjjJI /^ 3j-^' '"*-* '■'■'' ""'J J 

2 jj U , >. 1 1 j_lC (^laLUI (_j-^"J J ft ' "j3j.flj 1 7c La i " (jl . jLllII 3_Cj-<-u i_2^ii>-V 
CjLj^v) (_j_lSj_j LJ|_l»-I 4jJ^. (j^ 3 ' i u-H^ > ~ J i <U-4 j i no i"itl » ajJI (JJi-aJ 
3-*-aV CiLa-l im»i^ jjrunjjjAll ^^3 Granulations CjL-l±»JI a jufc j Ojjj . (jj^l 
(J51 3 5-j-Ja jjJaLLo I J Lu J ' "• "JJ i^p-o _>^£ ' ->00 (_y^l 300 (j_o * I jj j-Laib 

*_*2j^l3 i _}Jl^jjj j*-*-^' (J-* (J - * 1 -*" *—- ) 'J'tH C)^-^ U " ^ '""*' Cy* • ■*' "'I '***' fl-ilaj| 

1 g-^a J ii" m 4j^j| j 2jl i<- I mi'm I Jl^J S^cj^jj 1( _jlr I ^1 i %'XVI 2 S j U 1 1 J^Li. 
. I j i i ii t .Jj-i^l (_g^l«JI |_gj" i ii U ^1 ijjjjej-u^ll (JjL-u^I |_gj"n ii U (j-o 3jlj^>JI 

2 U , „lj i 4 Ltae-i n") /<u (_£JJI ijLiil (j-o Si '^ I i^all Sj or ^/l VI CjL-l^>JI Loj 

(jrA_i 5_lsIjJ|j LjLlI JJsVl (jJaLUI Lot .«>.tjil (jug Mitt t_JS ^ 2JsLkJI 

■ La • j j 1 1 j j i n't JjLi jLc. (jx. 5jt_^c /. j'a ijji-LtuJI jLi-tl (j-o i>JLg,l loJI Sj or ^?l 



Reversing Layer 4aa£UJI ! 

si oUt M5J-JJ 4-La-lfcl Cjlii /- I I il ill \-tbjjuLt3 (ji^. (_3-*J iCjI^ILo ql-iSJI (j^ CjLIo 

CjIjJJI qA '^" "I 3_J_o^: d_j^ AJJ r^JJI JL>UI _jl 3_5_lUJ| LgjV niiiitl 
■ toj La a. L*Lti (j-Ci /jJ<_LJj t(j n o i"i 1 1 ^ 5 j i a 1 1 I tuJaJI (j-o <-j^t •— 'lAO^^'j 
i4_ijiSL*JI ^ aqlajl ojLjfc «UjiIjJ (jjj^Ia 0^-3 ' ^-.' '"'^ W^JJ^u L^Jj jj^*' '^~">l 
SjjLojSLIIj 5-uLj3_iiitl CjLo^LlII (j^ j-uSLII (^i^. i_2j^tl Aj9 LdLitl »l olr (^SLaj 
I J I a It '^'i - 68 (_jJlj^v ^ I C (_g^J^>«-l LgjLlJ i(j no i"itu 3j^>-jJ,l jj^oLulL! 
(JjjjAJIj aj j i ii tLSUIj (jl^-jijJLjJjIj (j^^a- i nSjatj aj-lL^J Ij (j^-jijjLjLgJI 
( dr I Ji^J-j3 «LtuiL«JI ^ 1 .Utl ^^j .(^^L^ajJIj JijJlj>JIj qjAskj1\^ ajj 'j i^aJlj 
JJJL>- ijJLufc i". i njt «bl ^S jJu ^JjLsJI (j-aj t(j no i"itl ( _ T 3 3j^>-jJ,l j_cal_L«JI 
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I.LigJI qo folic 

.%UI 

(ChromosphereU^UI rtAJrit) jM*ri£»£j£JI 

^Jl t| j , i ,~ i I I ( _ >i oj_flj iUj->J,1 » 1 M, I <_a^L*JI ^15^-j (_y3 c-u-uJ I j->^ 

I Jui i_2j_»jj i(j no Mill ^>J 4JjSLl,l ^ <LJaj| iJjSLj (_g jJI (j-La-jijJi-L^JI jLc. -i>>-J 

1 1 j_Lc 2 1 h'CLjlJI 2 ajjail 2_<JLill 2 2 • La 1 1 (_j-&j .jjiii nj-aj^£L!l /oj-uLi <_a^L»JI 

(j_o La J 0" 1 n" (_,-lJI 2_j.}jjJI ^ Ju-i^aJI dJJj (j-o djo 1 .Till ojui '"in "~Sl J^J 

Lojti^. i(j .10 m.II (jKtl i_aj 1 uSJl 2JLv (^ 2jajlslj jJ-jj (jylllj 'U^ju^jti^ 

' la^iJc > ) 0^ 1 am SeS >oa 1 "j aa>jj| d 2 Ja jJljI13 t^ Mill ^j^J^ J 211 * t^t^ej 

j-Li£ (_aJi 480 ^yJl^v Corona jm mi II rL ji JjKVI I JJt ^nr jJ-2jj 
CjIs jpiJI (_, 1 n"t 4_Li aL> CjLSLLuI Lj-U _Ll<u jJs» -Lo lYi i a 1". 1 iuJ L& jU-iU i^io 

r-Ui (j! .(j 11 i"i 11 2_aL^- /TjL>- 2-jjl_*JI ^ 2 j La 1 1 «ljj tj-o jj-^ i4 i i nlal jl 
(j^ Oj^-o >*J i Upper Atmosphere (j.io uill LLlII *!_ja.V! (j-a «Jl>- (j.io lUI 
r-uj . 2x.LtuJI ^^3 ^ILo _9^£ U5r!-'- a ' ' lt^^S^*" 3""~J ' " ?-^P ** "^ *— iujjjSLIJ 
(j^lx-i (2A-^J £ ^ J ? j;t i Q"< '"II *3-^s (jV '^J-iL*JI CjVLsJI ^^3 i_J^J V u ii o Mill 

.jinl Mill ^iSJI t— 3j I nS II £l_(JI 7-j_aId^J «GjufcLtlaA 

CjIj j (jLi i p LlSJ L» «LujiuJI (JjKVI I JLA -S^j-J lilLill »l olr (_>-ajtJ j i tLdjj 
-o_j i Lj_sJ_a 4_) i,^l mi ^ij ^j n o mi II »j (<•> (j-* U^-?" O ^""^ ' ^ ^ ' *^ ' ^>- l -^'-'- JL ll 
i^_j_4-« ^j^J ^S mi t Uj_Ltf3 jjj-u^j IJl^j ^J-^3 LajL^ 3j!i (_pj 'CO"*"' ^ J >- a ^ 2 1 Laj 
I j a\l Ul ja3 I j , ^ I , ^T, « I -jlj 2 2jj LaJI oJl^j j.n Mill iSLLs (jLa L*U!i ^Ir j 

(J_Jl>o ' a I j La 1 1 ^ La i "lj_' (2^-*jj ' I j"* '•*"' 1 1 (_j^J! *J'- )l 'I ^''-L 3 3j^j ''^-'^ 

ipjuSa j-Ja^JI »j Mil-i'lliill »l olr (jl^ Ji^j .2_bLjio o'j-'' cj-'I lJt!^ > ^' «j-^s 
■ Laj La *- 1 1 C^jLS i4 i mi if\ mi o a. mJJ^-o (_, L*^ i«Ll>-Ll!I ojui ^^3 jo^j^cj ^^3 
( _ 3 _Lc i_3j^_«_o j-j-C JljJL^. j i^ir ^^Jl (_£JJ>3 (j .10 Mill (JjJ^I (_y3 tljjiaiJI 

(J^JJljI MjJl-JJ I n II (0_1L*JI *L^V (j-SUj l(AJ-UjlJjS) (<U-u! 4-li^. (j-^ 3 ' 'l> 3 J^'' 

JljJlj>JI j ua * c (j_o 2_jjLc <-liljii (j-C «Lj>oLj i » M i ia *- 1 1 aqlajj I jjl (J1-jjJ 
2jL»_<ji (Ji-lj Sljj (j-° 3^Lc (jj£jb JjJij>JI (JjjjLs . LjJUj^pSJI Ljla CxCJj 
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.SiSL^JI 5jlj^>JI cjU-jj ^ 

CjJlJe-J La IjUfcj i Llj^pSUI 13 (j ii o mi II (J j I SJ ( _ 3 -3 JlJJiJ»JI Sjj ) 2 ^"j 
Cjuji^jSLJ VI ojuij iCiLvjjJI (j-o (j^J^La 3ji£. (jJI 3jlj^>JI «L>-j J f^J>5 LoJtJi^. 

«L^-jj (. I c LiJjij i3_j^3 3_j_jjjIj cjIjLJoI (J_<ji^3 jjjoJI 3ji (j-a 3-c^JULtl 

. ^jj\ JJSI <y3 4ISI4JI Sjlj^JI 
dlljLjc_fl_lVI LJJ I ~ ( 1 j nit i j j ii 1 nj-aj^£Ll I j JjlSil Sjlj^s. 'L>-jJ X-dJj3j 
*_ijj-j ijijL> jojjt>- jjni njja.fl]t (ji . «LlL>-IjJI '"'I fl-JaJI ( _ T 3 CjJlj>o ( _ 7 jJI 
c—ij'v 1 ill") «_tlajjjuj i<i5t£^UI 3jIjj>JLi <iLi5e-a <iJ3^L<i£. ^J^ (Ji-l jJI (j-o «LjJI 
^j_a (j^_)^l_xLi (^j-Lo ■*■ la 1 ■■ CjIJ (_^-^J J^^ ' uJJa^Jj ^ 2 Jo ^O-J (J I l£3^ c.) -3 

2Ja^ or 3_ilL».jijjLjji 31jJS jL^flJl^ jju3 I j*« JSj .4^ljJI 3^'j-ll jl Ij^LiJI 

• 3^j dj i ,m ."ill «_uLuJI aJJbj . jIla ^iuS 800 ^l^v I &j La a et«^ \ (_ic SjGjsji 

.^inO Mill J^'S V I j J^ I "J "^J^" ^J'J"-*" ^-^J-^ (J-* 

3_}L« ' 3 J 2 " ^ iiijJLa v s t r t-jaJuu j ±" • uflja^JI 4ilala uLl>. I JJ^J Jc9j 
i _ T b ^_>-Lu,l JlajI (j-« (JrH-" f-^^^J ' J^ J J^ ' "J rt Jv ^^ ^3 ^ Jv (3 '"'" 

i«Lc:LajJl 4£jj>. ^ jUJI I jut jjLu o^LIj .cjI^P^^IjSLII i_aVT (j^o-iJI ^>. 

3-2-xIa ^1 -ijJ-J (<s3 'J J l£VI (j-!l ( _ ? -i--^-i- : La 2 j i.m ULjill mJjJLII ila^laiej 

i iszse-i tj^>- d 1&^ i ■■ > ^_A^U,1 jL-«-Ii 1 Jlj^ <: ^3j tl^- 4 - 1 ^ 'uO^"' *>^ vidjajfljaAJI 

4 i i ii II JLjcJ-3 i(j ii o i"i I I (_ji£jl i— a j i aS-ll (Jul i ' flia L>J I jjrn hjjjAII (JJ^-J 
Ojui pt"' (jl Jl>-J J^J t(j no Mill 3iL>- l j f JS xJ Jjj (dlUjiill) jLill (j-a 2^lj-J 
.2j mo Mill » ajJI mJJ-»-I 3-3L»- (_5-i^- ^ j" "j IJljJ CjUjUIII 
3j|j^». ( J^| iLaiila ( _ 3 _& LxjIj icLi-ualc ctaia-Lc i". i inl 4j nm Mill <Ul2jj Ij 
^_3 L^_i iU^i>j I -i c jLjjLjfo (_, i int^LLLa (JL^o L^Jjju 3jjufc i Lfcjl^v (j^ 
t«Lfl_j_t£. 3jjj cuL>- (_^b ^ j i n o Mill 4_*JLu1 (J^>- 3ju,l (JjJj J -" ' "j"j^^ d 2 la La 
3 ; ; ,„ ^-5 . » . II J^ (j-o-rjLkil ^yJI jJj-LJ (j ii «i Mill Ji-b (^ 4aUaJlj 
I4JI JL>JI ^yJI uLp-l ZlojlIc cljIjUtijVI ojui (jjSu JlSj .4JSL4JI v2jljUtijVI 
cUHl (^l (J^jtjj cflx_ije_) (jJ^jLJkjI p I '>>^tl ^J| 'j^* ' uaja^Jl ^j-* O"? -1 L - ^^-^-J 

.i_ajui Mj i_*il^SL!l (j-u j j 1 n"t ijjjQXI jL«-!l l j H a 
iSjbjLji dt ^i t * CjIS^>- £jij i n" t 3'-* :iJ d^ tJ-^l ^J'- 1 ^' J ^ J-^ ' "J rt JJ tl)i 
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I.LigJI (jjj (sJlc 

Cil <j mi -»JIj CjLJjjj^^jJI I LaJl Lx-ilj Jui3 jno Mill <iJ3LL> J 55 '"' 2 4-I^Ljt£ 

^_Jj2j_u^_aj^SJ1j .jml Mill ^j-^ 3 " L7~*^ ^J' HO Mill 7-LJ^jl (j-« '0~?" T .' ' ^*" C7~*^ 

^yjfcj iSolar Flare u mo uJI ju»-LlII jl /*-*>" 4_j£ jJjj (_£JJI (jlSLU >* I '\ 
j-j-C 4-^.j.i ^^JI-SLa-S dJJi U>^-i "-° j-J-iS j- LjJj 1^3. Jt-ij^J 4_lLx-o *> SlaJLa 
•» tajju (j-« 4jLU (_y3 Jl>-I_j jj-a |j ui£ xAjj Sj-^jj <1>-Lijia g_ La »" JuSj . 4j.iLc 

jim Mill 3jLo-> a J la t aj 4£jj>J1 «Ul^_<_u Cjl oj i n-*. ^LL> Lu-uglaLuta I >t i la Jo I 

4jljj_*_u C)l OJ I u> j n Mill L_3Jl2j La l^LO *(_j I HO Mill *ufc^Jl CjjJl>- J_t£.J 

ojui (j- J '^_* Lo ^rh!- - 1 (J<3 ' "J I (j-°J ipLtujVI SjjI^ILa CjufcLsol f_^ 4Sjj>JI 
jjjjj (_yl!l (_,-<* i-ta a3 3j_u£LII Cj La-AjH! I j -tj^jil 4_l>-Li cLaltaJLX I Cil oj i n-»JI 

x_« (_^>-1 Jljj 4-i^j> Mill Cji oj i n-»J1 (j-* * t^tj-uj tCju^jj)j_Jl (j-* ' d i a I a c L$_L« 

«Lia_<L!l jljj j^JLc ^JJ ta -^ J< m"t US n_K>jVl ^^k. 3 j< 1 , i,>L11 CiVLuajVI 
4 j mi mi 11 » 2 iJI 4-ala-Lfl ( _ T 3 3jLc CjLajtjjJl j iVimj . a^clJI (j-o <_)jJLJLi 
CjjJlj>J ^>-^-j1 <j Lc£3j^ i-ilLufc Q^£_)j t3juL*_« a ^ ' u-ilal '* d Cj 2fLse_4_i ^ *j se 1 ^ rt 
CjLloS dj i n Mill CjLse-A^LJl Q^HJsjj . <lj i no Mill 4jlajj1 ^_4-i sLui CjL?e_A^iJl 
dil ojin-'Jl <j-o (jla^IaJI dil j ^ [stuuslj jJljj mJ jJI j-o'i/l i4JjLkJl (j-o 3jjLd> 

. r 1 JaAJI (^ L4J i_3 Jl2j (_jjJI 

^_u£ ^3 0^ ^Jl ^Lt-LxiaJj <L2^Jaj| (Jj2j_ut ^j-* t^ n Mill 3 _5i_« jl Ll?s_xIdji Jl^j 
CjI ajJaJI Jj^HieJ jLiJl jl itSl^Jlj 1 _ijJq-l^3 -^ L & 3JL>- ^^ iq no i"itl (jiaLi (^ 
^jA-4-1 I tfeJLJ c j t(j J d 1 uaja^Jtj ^ u-ua-Ll ^ SjJaj I ^^l ^J L^a * ^_^>- ^J I ***^ Ct^"^ 
L^LtujI J uaj CjLoj^j ( _ t 3 « ( _ 7 1«j» jLiJIj .SjjJjLiA (j n Mill Ju-ajj dllj 4jjj 
Jl^Jj J^^ ' "j"j "^ (jr^ > '"'"' ^"j CjLi_lx>JL) ^ i uj ifl t^i-« jnS lJiJI ^c_j ^^Jl 
CjJljso S^j^cJLl,! CjljLiJl ojui (jl_i (Jj-23 2 jj la b L*liill si olr ^j^*.' (»J^2j 

(_£_)^>-l CjljLc. (Jj-^-J O ' CT-^l Lg-lfcLaol «l— i-J! (_3-3_3 l((4_UJJ^5» CjLvj^j 

ClJ-i^aj La IjLs ilAIc jlji^j d j"j ' «a ' I CjLvjjiUJI (JJt^J Ijukj 1 L^J a Jda-i ^"j 

a_^Li i-2j-«-j l5J-II ' kJutJI jLjjui pj-Ll! liiJi jJjj t( _, mo Mill JjKVI (jyJI 
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CjLvjjiUJI 2jj La-l jl lojI (_glj ^^S-S^ji-jl CjLvjII ojuij i(a|i i U.--.VI CjLv^a) 

• U I no Mill (JjiiVI Sjlj^v AjvjJ pLijjl ' ,M ' n"t (_yJ-JI (_j-&-4_UOJ^aj I 

(_, lr ^L*3 3j^>.jII CjL"ijj>JI (jl '.(jjVI J Sill <Lj.Ia.lll aJJt, f_J\ «L>.jjj 
CjLcLojjI (_yl^. i_£l) (j .10 Mill _£»■ (2>o t _ J \ t-r i nil ^ ajlajl oJui^Lu (_jjJI CjLcLojjVI 
(_gj.ll pJ-JI (j-o J-2I3JI (_y3 i". i njl i(jjii. njjj-aJI 3_>2 ^la ^Li£ (_5-^Jl (j^- JJ>J 
pa_i (j-° «A-aLc «LiL»-a_i (j-A ^LjlS CjJlj>o (_yl!l CjLSj^>JL9 '^^J laJul «U (JjjJJ 
. 4_l»-jji21I 4^j^>J| p^j ( j_a i". i njlj , I j . ..A\ ajLtl 4^j^v (j^. SjsoLlII 4^jj>JI 

(j-cujl 3j_L«J-3 (j il Mltl LluLS Lajijt£. (_gl l4_Q-u (j-\J^L) 'LtJjl jl 4jM3 Jila 
jj-ual (j no Mill CxjLS (4_u-u (j-U^Ll 4 I no-*- (_jjl^»- (j VI L&J.0X. J«-Lu) i MJ I ill 

.jj^LsJI LlxJS^JI j_i 4jlr (_A Lx-a 
(3J-3 pi * mi 2 (3 J "*~ ' *"l (j-'^ 3 '-^' (_7^ O^J"*"* "^ 'O^J^ CJitp (jl JlJ 2 J 
(JS (jjjl_j_ulj . (j 2i 1 «U ^aj-jLLi La_a l^pj JljIuI jJ^-1 4 l_«L>- <d * Mllj ij7 S^-LtLOJLi 
(jje-O-iiaJ (jl (jj--a-i t(j no Mill (_ T 3^_jj2j_u^a^SJl a a Ja lLsuIuJ (jl CjljLtHiC 2l I 0JL& 
(_, i imI^LulXI (JLa-ol! CjjLsJI (_jjajjjGjl (—fljjiaJLi I La jjj a (Jib 4Jlj (j-ajJI «_a 
L^_il_3 i i— g_>l j ni >=w I— Jl lI^jLS I o l"i a 4j_oJ3 Jjlj /aJ q no i"ill (jl j<vC.j_ij .jm Mill 
5^-TjuS Cjj o"m ni iLal i ii ilu ''Lola SLl>- La^Ijj ClSj3 (jl '"jii"'"" /<iJ?E_tb «Li3u 

(j-a 4ju,I (_y3 4 i ii o-v (^l^tj i L$jLl»- 4jI Jj Jila jm Mill «Gjui3 La j JiiJJJ 
?Ijj>- (jjl «LtSL!l (_>AjtJ (j no i"ill I". 1 1 nS Ji^j i4jj|jjjl Cj^LcLfljJI «La_uJ I j"l"*^ 
lj_ui (J^l iaLcisVI j>JLA O^J 'f'JT ' 'J'V J^J jW^ (J-° "^ 3 '^"'^ L° 
lil i(j ii o mi It Ld_LUI »l o I r «_£jILj£ J i a 1 1 jno Mill jj taj Lai .«GJlS£ Lxj) 
(J^-jIjJljL^JI (j^a (jia (jjjla 650 £jC JJ^J V La 3^! (j^ JlJ "~" "^^ '"''* LtaX ul 
mJjj>.| S^laJ 4^LLaJI /Tj-i3 (Jlij (jl-j-iioLsJI Cj^jJI (Jr 3 (JJi-flJ LiS-iLuOtl (_y3 
(_jj| (J^tjj LiJjLJj i(«LLjj/ (j^Aa i_aVl 4 i n<v (_gl) 4_uj/ (J-ljMj 5 ^c-i L^J^la 
4^U3 CjJl^oj . a.}UlJ1 (Jj^aAJI (j_a -^ ' ^"^ i ■■ LiS t(j^agjl ^3^ (**-* J- 4 -^' 3- °^ 
(Jjj^so (J^L>- i3_jjlj^>JI 3_jjji]l Cj^LcLfljJu i_2jjij La (Jj^Ls (jx. (j no i"itl 
i _JS (_y3 Jj^jtlll L*lt!i L^J /alj (_yJ-tl 3 fljj LaJI i_2jjijj . ajjIi^ (_,JI (j^>.j|j JljL^JI 
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I.LigJI (jjs (sJlc 

. Proton- Proton (Jjjj^-Q^jjjjJI 21 ml mj 1(_>jiaAJI 
3j_j|j jjjj^Ja jj-C- i_ri-> J;c -^' ''"_'' ^ O^-*- 1 l£>*-' ''-^i^ 3 ''"J' liJLi&j 
sL^-jJ (jl <-ij-;P- i«L»-j.3 (ja-iLa 20 (j J\jj>- Zj\j->*}\ sL^-jJ Ll*ilj Ijl iQ^ij£J\ 
(jl_3 i«L»-jJ (j^jlo 15 ^^Jlj^v *-Lu (j no i"i!1 (Ji-IJ *lj^v| «\\~ii a ( _ T 3 3jlj^>Jl 
CjjJL>- (<uJ ' 'hPQ^J '• L^-JJ '"'J "Ltajfcl jj3 il (_yjk (jjjj^j-(jjjj^_JI Cj^icLaj 
(j^ Ju V . S( 1 j^jj|j_i-(Jjjj| j >_l!I) *u-u\ <Ul^ (Jllsl lS^' l£J_J-^' (JclioJI I jus 
(jj» i(jn <i ui II i _i I J3 (_3 Sjijl i nil 3-jj^JLll i 3 aj-^JI (jl <_3jjlj (jl (j-o SjljuJI 
((j^_u_« (J^_lL«) (j^_uj^ ^jl\ (J-x-ia-i Jqju *a a t«L^j J (J^_lLc I 5 *-L*J ^jL?""*" ^-^J-^ 
jj ' *~«" (_p 3-3 J ^ J ' ^^ (J^ * 0" ^j"'' f ' " ~j54 = «Lx-iD^_Jl) «Ljlj^_1,1 4_uo^_J1 (3_5^ (l)-* 3 
.<iijfcjiil i_2j^IaJI 0j-A(JiLa LuL&il (j-a<_!jJLl (jl I T,r I U" , ,,l ^3 ^ .nig . (Jlj.^ 
*US'q J^JJ (Jj (_£ji 1— xj^j (_gl (_y2jj (jl (j5L*J 2 n-Sj^jJaJI ojui JfLo (_y3 
(j_a (j n j Ij . L^jLJjijJlSLII (j-C 4-Lua-a-L^ 2jjlJ-i Cjujjj^j iSj^v CjUj^pSLlj 

(_jJI Ijlj* (_jjI VIj iCjjJlj>JI 4ju^jj/ SjjijJJI Cj^LcLjjJI ojSj jl ^Tjjj ' *~*^ 

a I J La 1 a I jji (_g_a_jjj| (J^Liill ( _ T 3 ZjJiaj. Jj! (jl . r ' uaAJI (_y3 jm i"i!1 ^jLLsj 

Lcj_)_Lo i(j^-jjju_<fc 3ji Sljj (jc SjL^. aJsl^JI (_y3 (Jjjj^j ,J£j .(jujjj^j 
i(jl»-Ij (jjjj^ + jl»-Ij (jji^pSLII = (j^jvjjJljL^JI 3ji) JljP-^JI L^Jj^jSLII L^io 

(J-Ujjj^jJI (jl nalll j'o .Cj^icLflj 3ji£. CjJij>o (JUjjj^jJI (jjJLA (JlLo aLxjJijj 
t-Lj-cSj 1 Deuterium ajj^_ujjjJI mJJ (j-La-jijjj^ll (JjJiltl ^oLa-llI 3l^j (jLJj£Lj L*-o 
(j\ 1 n-v r-LiJj 2 '(•»• miIIj 4^jj>JI S^Lla M-aSLa (j^ 1 mim ' ->!■ iU.^VI I Jl^J ^^uLj. 
.Positron (jjjjjj^Jlj Neutrino jJj^j^jjJI : I it (jj^i-T 
(__>ii^j_j J-Aj i4 ! se i"i jl d_Lo «U (JjijJ (_5-!jl lSJ- 5 f"J ' "> J-* J^^Ji^'J 
a \l .^"t SjjljIU^-'G Lifuj JjjJtA^S i^^ 3 "^' (_jlr (jj^lll (_y3 SjLa 4j? x_a J^ I duJI 
jljLcl ifJI '< itj r I i^a-fl-ll (_yJI (j n 1 Mill 31j£ LS^jitA j I La h 4JL3-(JiJjjjij_l!I 
(j_a jtj|_Li I mi Mj tjlj 0" 1 11U f I JaAll «L>-jl i— !^>o CjIjJj^JjjjJI (j^a 4ijuk 

LiS ^ySj2 1 (J^L>- ^>-4-l CJ 1 J_L^Jj_J_U 1 tfjufc (j_« ^_u£j iA^J?E_Jl (j^_j^L) Cj Llijt_a 

3jLo (jc SjL^. 1 1"^>£- L<" l >^ OJ^Aij^^' "' • AJ^J- J^- *-^A5^ O^ _V 

^ I se i"i «ui^. (3^-^ pj ' "> 3-* i^LJJl^. L<iS (jj^pSJ V La . SjLa (j^iSj j I 3 jLxiiA 

j^j>o Juljj . «Ll>-^_« d Ise mi (J_4^eJ 4_tSjj (jji^SJl 3^ (j ji^JJ^-u 1 Lai t«LuL_u 
CjUj^pSjVu LlaLa^ 4-mA!l Ji^cJ 4JLa i(j^JoJj^jJI a I J La 1 a I (J^li- (Jj^jjJ^jJI 
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q^jJSJ^ Li aj ta i a J 3_lJLjJI (j-o *j^J- (^J iS-jJI i ntl 2 it uJI ilili 3jjL«JI 
5a_ta-»J I Lol 2 J3I La II (j-° lP 3 J "J i 3 '"* ^ tJL J-^j '-*-° (1)4^-"^"^ <t£jL*JI 
-((J-jJLjJI (J1^vj|jJl_l^JI (_gl) ajj^jjjjJI Sljj j^jJjSj Jjlj-jJ^. LojJ ! ( _ T 3 4_uLl!I 
CjI j •» j i aj 3 ijj>-I Ujjjijj ajj^jjjjJI Sljj (j — '"■ 23 i*rj-v njljJ » uaj ^^3 (&Z13 
(JjLtlLo (Jj^j-lj (_jJI CjLJjjj^_JI oJLA Jl>.| J^stijj i L*-o Cjujjjijj Cj^L 
(j_c I 'iij Lp£ . (3-aj jlit I gjlg (j I Laj) Ajjlgll iULuii- 3ljj (jj£uj i4Jbe-iSJI 
iljLcl < uiVI j • * at- 1 aLv Sjjil J}}LkJl iJcLajJI ljufc ^ Jjjuil! j-lJjJ! 

JlJ^J.1 ^J^J>0 I Ajfc sLjEJJJ (jjS3j-4J3 LU Ltjjilj 'L>-J-0 (J^Lj el j . ,.jUI '.. ^jj j< II 

mJjj-lI! (J^LiiJI (_gi) Q^jjjj-Q^j^jJI (J^Loj 4 ]n< uljj /&ij 4-oL J^ cj-^J 
(J^jtjj idJjSJI (j-o (jia (j^J^Lo 5 (_£jLuJ La jjia *_o "jj^/jtl qm (jia 653 ^1 

CjLLo » U3J L^LaJ (_j-^SLj (J no Mill 4jji (jL9 1 1 JJt (_ji^.J • 4 J 1 110 (~i <iJ3LL-> jjJI 

iaj j I it (_2-l| (J-lj*-j)jJl_j_a ^j-a L4-13 L-* <_p jJ^tlL) ^^>- t£p '1 1 'ill ^j-* O^^LJl 
5i xAJ I 0Jl^J 3 0-t ' •' fl /Q^?E_tl (Jiaj L_3j_*_u jim i"ill £)] » j la 1 1 * (_^-i-*-i 2f 1 Jlj^j 
j^SS 4ju3-lI! ( _ t 3 Cjj^j ct-^*- '— ' l^y*2 3jl£. LjjLUxi u (Jj ijj- ^' (j-° 3JjjLaJI 
«Lujj^3 CjLJjj^S (JSL«I/ i(j no i"itl 1 _ga (^ 4j>oL(JI 4^LLaJI JL>-Ljj . JuaL>- ( _ > ia T ui 
j! Q^-ji-fn j 1 ii-v ^ 1 aj 1 1 «_ifuil (jl LaJul Ijui ^jj^S (J^i-Jjj i4^LLaJI djuij^o 
I j ,^."^1 (_j]| 4^LLaJI jj-a pj 1 n->Jl ^ a I ->"_' «LuLlII (j^ *j^»- (^J-Sj j J! (jj^IlSJ! 
.(Jj£ jj-a tLcaLcalLol joj Lxj) <iJ3LLi (J^l (^A-^J 'JjSI jl (jjj^S JSjI/ (_,i^- 
^j-a fC-C^-ILij tfi j i n "^Jl ^j.-* 4jLt_ul Juu r*J '^* J I «Lc^_tuJ (jajtflJ! ^HaJb 
joj jj>-I pj 1 n-v 4-L.al^J La tjLcj 1 11 q 1 Ij-J^J lJu *-^y * 4JL9 SiSLjJI 3^.jjjJI j>JUk 
JS jju cLflj^LaJI oJl^jj - 1 _3 J ' " i-*-" ^Lts (J^l (jjj^S i_H^" Cr^- *ri J ' - ' ^-^V-'J 
idlljj,! Cju^jJj^ y i"i 1 ^c3 Q^jjjiJI ^j tau -t 1 tiU j_jj *^->- i ^-JJ ^-uu> ^j-* L)J-^3^ 
(2)SL!j t(j no i"ill •»■ La 1 " ^1 4i mi 1,1 4-2-lLjJ I j-i£. (jjJjji!! J uaj L*Ui tLui (_y3j 
ijjjjajj V (jjj^iJI (jl tUSdaJI CjuI 1 n-»Jl (j-° ^- '^"'1 Ai!j . \ds>- (^Laj «LajL23 

p J niv 4 1 ^ 1 i 1^ 1 (-t- Ljs " t >"l p JJ I I ill 1 m-A lJiJ I m-A F-V3* -4 ^- l ~ i ' ' "j" ' (-r^ 

V L-^-iLa 4_ulj iSudl Cjujjj^JI 4ijj>J 4jjljjL> ^Lajjjj . ^^LLsl Jijjuj jj>-I 

i _ 7 IL>- OL(fcL>tJ 21 1 J*_LP^v ^_^ J UU M jjj i/j n p Mill 7t_La_i_u i>L>oLl '3*^0^ (J ^"' '" 
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I.LigJI (jjs (sJlc 

.(Ji-ljJI (_jJI (_£_>i-l 3j-o -SjJ L^JajtJ (jl 

d ajJaJI Sjlj^v «L»-jJ (j-° ct^' <J "° '"'^ ' .'^ *jl> : **' "^J-"' O* L*-k"' J O^J 
(jj£jj 1 1 j"*l U ^^3 ■■■ _■ i a** T'jLiJI (_jJI S-aHa-UI CjujjjjLII (Jl3 . - j < >» 1 1 tLjuSiXI 
3 ^ .Utl t ^t ^J , ,o, HI t_J^ ^ Ij^ 4^LLJ| JL21il ^JUa^l S^t-uiJI 

(j l i-o- T LJ «LajLSJL ^ysjjtla (_ T J ^J *tj " '"'II "*" la ' " ^-JJ 4j9LLaJl » ) > i ujjj ,4jfc-mXt 

sLoLtJI jJ^ JJ9j iCjLJjj^S <i!u-& l _ J \r ( _ t j*J j^i- 1 u^\ rnj 1 n-v (j-o I gJI *"**'' I (^ 

L7 £A 3 *r . 1. (j>j-La u-Ilj- 3 - U-"^ i^Ljii-ljJI SJLiiaJI ^ iLiLjJI ^sLLaJI (jl 

(_p3j2l /_ I C ' La 2 I UJ (_£ JJI (J .10 '"'II «JJ^5 (jL*3 lilljJ .JJlil IIJJj^ll (_jJI J '■-' 

(_yjl J-JI (jl mjVI (jl£ LoJiJt£. (j .10 Mill i_.fi (j-° I l 'i | *' L*JJ iJ-^sL>J! CjJS^JI (^ 
jlj 0" 1 "Ij ^ «il « U ^L*jl VI «U jojk V < ^>-J (_T^- p j 3.' 'O^J^ ' S~5^ 3-5^ 

5^=_l1J i(j .10 mi It (_yi L^jjJls. dJliill si otr f-^><J lt-^' < — 'Lhi*-^' C3-* " 

.S^yJLp-jijjLX^JI LkJ^S^J r-^Ujtl cll>t ^"1 1 „>U 
j^Lt^a Ja^jji ^1 _>J_o JLl V liJ>L^oVI dili (jl (jyJj^l 3Jjijl! JJLu Jl3 
1 " 'j d -- II j S^j^jJI (^ JLi-Gj « ( _ T la_iJ I i i n a ui JjJCl^ i I j^'a 2*1 taJI 77LIJI (j^ 
I Li no mi (jlj nJjSLj (jJ I Jufc (jl CjojjI cdlaJI sLxl^. CjL*jI (jSLIj i(j-ojJI t, • *a 1 -l 
4jjIjj>JI 4jj|jjJI CjVj^tlll CjlCjjji (jl L*U!i .(»JJ (_p jiJsl^JI (_y3 L^Sj^j JjI^jj 
(_a5jjj (Jj (((J^-jijJljJ^JI J-<kj) 1 ,' ' ase^ J c I Sj 11 1 LaJutll jl Jl2^ (_7i^. (—iSjjj 2 
4J| >Lio Luls^a lila .JcLalll ^ C^lx^j ^pJI Sjlj^JI AjvjJ ^yk: till ji^ 

(jLa i3jlj^>JI 3->-jJ (_y3 3.}Ljj Cj3jl>- j^ 4ji£L!l j^^JI 3_l^ (_y3 ^j^^'tl /ai.j 

ULJlJi, J^\ (J HO Mill Jjjjj l^IiSl SjlJuJ «(j> *|T"h II)) Jj^jJI (j-O «U^Li!l 4-^S-J| 

(j up i*iill (jjjl (_y3j .J>JJ>.| (j£, ^^^JjLl UjlxJjO (_, 1 no Mill (((j^ill)) (jli ^J LXjO 

(jjS^j (_gJJI) ^jjlglla ipL*jiVI (j o 1 1 <aj a I (_,lr iJliljUJI 3jJ^ 1 "■l"- : »" j -1" . ..1 1 
(JjOI '^" "I ur^- *J^ J-^l vU'^JL'' jL i4^' 57L0JJV «LajjJ (j no i"ill (jisLl (_5-3 

Jcli**J| (j^32llaltl ^Ll^l(^'*A3^^j..(_ 7 L^Vl(j^jijj^l(j^pU J iVI 

.(j n i*iit1 ■*■ La 1 ■■ 3^e_j I g *aj) La (_^ ^>-^' cliuajti-ia iM^j^Jjl (_^j1^>J1 
pj La 1 11 ,J2 LaK lA^jLk (_,JI J^^tlj (_g JJI (J^vjijJljL^JI jljJLa ^lj L4K5 
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*j^>JI !_^3 3Jal LaJI ro£l_>J tiilii ^Ir i-jj^Ijj t(j .10 Mill (jlaLu 3Ja-pJJ ■"'! ^.Ull 

rLlJ| Jjjla (jjaj 3jlj^>JI 3^j-jJ ^^ SjLjj ^1 m,.jJj Lx-a i ^m M i ll ^j£jX\ 
ijLpjVI ^ JLJ-T^jinoMitl pLuiVI <jf SaSlaJI cijLiLu^JI cnjjj .4^LkJI 

4 1 1 n m (j no i"ill j L^a i aj^aj JijI^jj i(j no Mill /_^ 3ji^>-jJ,l (J^-jjJljL^JI 4-lo 

«L>oLlII iSJjJlJuJI S^j^jJI i _u i ii J (^jlaj'ill ( _ T i^- SLpJI (j j" '"' (jl (j-o VjJJ 
^LLflJI L$J jJ^S-o (_p=j2l (_ 7 i^- SLpJI (jl J^-i '^J i ii o i"ill 4JsLLaJI (j^a.2 ' (j-o 

aUL»- (j-° ' ; 'J "' 2 "' LoJlJ-C (j ii Ml II L&jJjJJ-u C7-^' l^JjL^JI 3jljJ>JI (. : < I i ill 

3_jl_o ^jJLsJI pi < miVI (j_o ji&\ JjjiAJ (jinn Mill pUMiVl 3-iLj}-3 . I AjjU" 

. j , ,-, '<" 2(1 (Jjti>JU (j-a (jl£ (jlj iCjl ta-L>J Ij jLsejjI ^li"^ i«LU (jLAc 'L>-jJ 

. Aj.iIoj'iM 3j_<iSiI 3Jj£Lll cLtLuaJ I j j -» i a 1 1 

Ojui (J!Lo fjS l ( _ > l3j'i(l 7r I^IMI (_ji£. (_y»> (j-llS Jj-»-J JJ ' iO" I (jl lit li-lll (j-OJ 

mJJJI-liJs^JI I JLA ^ ^^JjiJI aJuJJ (.g-ijj (jl J-sI^xIl (j-o (jl^ (jlj n_3j^iaJI 
Cj^_j_)J J^'-a-iI J ^^ U"** (^I'Q^ ' ' "II (j-* 0^->^l-i (j no"*- ^-4-iJ I— (_Lj_) ^J '^-^ I 

. I flj'q (j7h<j (ji (jLtuj^U (jSL«j <-i^p- i?l_j4ll 3 fljS[ a (jj£i (jlaj'i;! (jisLj (_yS 

r«-C.j 3l_pJI jlj o"u nV j-^-T Jjj i " -i^=jl njlSLaVI (_y3 j i >L ,> -l' aJl2j J-«^=J J^J 

cjIj-uuJI (ji LJLj (j£, "-jjj-ij VI (_5-»j-y (j^-Jj •*j'_> :> ^' '— '^j- 5 ct^ P^jVI I j-* 

.silojJt (_y3 ^jLc. (jj'C" i ii i(_, i no Mill pU mi VI (_jlr ij taj i •■ (_ylll 
(_yJI (^Jj3 i^iiin Mill Jal mi ill S^Ljj (jl /-SliflJI t_i LcujsJ u (j^-JJ (jl (jSLajj 
«L_j_>-jJ^_j_>. I \a ' ^ c (ji JL>- ^jl\ ^-IL-J fiJouJ ^yzjx\ ■*• la i ■■ 3jl^>- 4^-jJ ^*-^J 
^_fl Jl^vIj (j_a <— !j-2j Lo VI (j no Mill L^J^L>- jLiflj (<sJj ,<-, ,>.^il j^ L^JLiSLi 
^liSlj q^zji\ ij\js>- 'L>-jJ /"-^J>J (*J LxS .(J^-jjJljL^JI (j^ «UjIL>o LxjO SjUII 
(jj t(j ii o mi II (_y3 5jjIjj>JI 4jjjJI CjLlLajiJI /j-jLli (ji .SjjJjla CjL>-jJ (jja 
/j_jLL> (jj*v"i i ii Jj i L$J (^-jjt" i no (_y3 (jjSLi «Lx>- Lio 4jj l£ (JSLi (_t^ (jjJ L3 

. SJjjls S^p-ii L^£. j^j (Jj£ S^j^jlaj 4jL3jILa 
(_gi L4J (_, ii iJ (ji^ nj-Ls-jijjLjji (j^ L4J Lo J-J-«-»- (j no Mill dJI(j" 1 n"t LoJ_i£.j 
' j J L<aJ I I JlA (j n Mill Jl^j2J (ji Jijj?c_cjj tcUjij-iJl 4^LLiJl j'l'^ a (j_« j J (^a rt 
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I.LigJI qo folic 

Jl_lJjj ^1 Jjju L4JL3 nj\ '< 1 n II ,j-o (j^j^Li 3ji£. L^jjIj^v I g-jlc iJa^aej (_g jJ! 
( _ 3 JIjv Ij^JJj 'J-JJj (j 'i mi tl pi * mi VI (J-aJ (<u i(_yal2Ul (Jj^is (j^ "'jLh*^' 

Jl^*-i ^ '^* 3 <*Jl_& lI^-iLS ^j^ j >] aj~a£ Cjj_o_i ^c_j L^HjL^j (J-* (J " *3 '"' '' * O - ^ 

^J 5j * * la . LLjJI a^?e_u1 * )^j9 I ^j-&$ *(j no Mill . . S^JlJIj /cj?ej>ij1 ^ U . ..j" ^ a^jse-uI 

.-I La-aJI (JU^J^ iljju ji^'i/l (jj^VI A>5till (j^rti 3 ,^a3 .^.al '^^t| <jVI 

. ^Il3e lull 

(jU(JLl 3_j|^J! <Jj_l>. (j-a .-\ 1 nil ( _ T 3 4-^JI 1V1 a JJtJJ a^cJIj <_*£I^SL!I ^1 
JL>. j-a^Ls mJj-S MJ^ "'^"' J^*" (j-° ^-4t^1 I'J^' 1 1^1 Lot •'.' mi->c3 3^j^>J,l 

i^j— 1 [j-I l— Lit tj-A-jv (_2-l^. ' J^ Laa^aJI (j-* S(_j mi > * t^l^SJI ^juu-u LLi2 '' aJusejQ 

*j_t,l jlLi V »l mil ^ Sm^ia LtaJiJ VI-^ikimiII Jju-LLJI A>5ti!l 1— ijjsl 

i3_jjl 1 n" a JU^aljJLI JJ^J L^aL*jv I ^Vj ia^3=_JI JJLJJ <_j£ljSLtl "-Jj-il l_>^-> 

I 1 a ' r ' ' '" ^ ; 11 j»l>^ ' 4-*Ji-Ia »l mi iiu) 3jLc («^=-lJI f 1 ^?-* - •(«^*^>JI - 
(jl l*LI j JLlLaj i_tSjAjl (<s-^>- (j- J j ' y _>pl ((^-iLSJI J uaAll ( _ T 3 •» 1 ajj 1 ■■ 

^^ ^ < kJt 138 "j La S-t_gj "■ 1S1 1 1 CJ^j^-3 juiaMitl 2.^ j_<jj>J, | i_*£|j£ j_£| 

.^p-a ^Lp L_flJi 384 J ^j^ji-a » u )-' la 1 '-j" fl (^»J Lt^J'O " q '" J '-^ a tj' 0^-*" 
» 1 >> a ^£ joj U- ^ 'J 0" ' 'i (j-^-^JJ' lSJ- 1 OJ^ f* 11 ?-^' . 4jj! jJI 3«Lxb^ll - 
S.tlo.jjJij^JI 3_o.LajJ,VI v^J^lcLL^S^cjIJ^^pljLji^l ^li jl) 3_u|j3 ? L^I 

p 1 ii-^a (_*£j£LI! Lai i3j_,fm «c^LU I g',r- jJjjjj <ili.l j (^ cjjij>o (_ylll SjjijjJI 

(_,_[£. (Sjjijj jl 2_jj|jj>.) c-jj j^| ( j^ Cj^LcLflj UilLui i~i 1 uA°i i^ClxjlA3J (<ii*-a 
(j-a *jj^5 (_gl J! (j ii 1 Mill *3-i^3 (JjiSjlj 4J2 l*LIJL3 l^'^ 1 a oLu'j l^lj ' J> ^'- 

j"' *3j ^~ '^3 ci "Jp 1 i 1 ga j t ^jl t LbL»!ii ^j^- * ^J-*- 1 ^' * *- :t dL5 *^- t ^ i - a J ' '^ rt 

4-^. j o ~»JJ i tSI^S jj-* ^ > -' * tSftS m^ t 7c_La_i_u ^-1^. (j-a J 1 j flJl 7t_La_i_u ^j-* 

4^a- mi "1 1, 1 3_£j^J| jtj (_Lj_4j L^-1j-I (j-S-Jj ' ) »^Jl J 1 ^ '-'" J 1 ^ '^.iii'O '"''I 
-(j no Mill Jl»j-LLl!I (<^>o ^J^i J^tJ (j-« o^J^' Lt^I '— 'J-^- 1 '- 1 ! '-°' 'O^W^V 
J_> 1 1 J_il LfcljJ (j-La MjJ^a 3_JL»J| a j< Inll j_JiL(it JUjI gjl Laj jLtalaj 
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(JJLjJ (jy^-JI A^?e_u1 l—32l (J!*-* t^Lu^D (J-* Oj J * try 4_LaJL» I J mAj jml Mill ^^Hj-u 

t-^ljSL!! Lol ^SiSL^JI L$iL£ ^1 ^>-j^ f>?^l jUiuilj . t U_uJI ^ S1J J£ 

(jl iZj-LSe-f j i <r~, II (j_o 1^"!"^ (jV i<L»i»-<i3 LgOLal ^^3 JJJJ (_,ill jLtS^lj 
l_£J-tl i(_£jij_(JI J c I HJI r-LlJ^ (j-t-i^L? julL I j Itoljj ^^3 SjIjjsJIj JaJLiaJI 
Ja 3. ( _ 3 -3 ->!. t U ,^.VI i 4_^. j-aju La J-&J i L^JjLjj CjljjJI ^Utlll ^1 (_£.}jj 
^j , ^ ; . tl (Jj^tlll LliLUr 4J^. jlUu (_g jjlj iHead-On Collision - j Sj ■ •■ a 

(2^c L4J5SLJ (_yl!l flJJ i<aJI Qi^-* o' Li-O* '-^1 ^ "j* ' W'rJ ^3-^J lj-° ^ ^ 2j .^a 
-(j n r*7i T 1 Ju*j-Llo (0^>o t_ij-3l (J'VJ lint 4-^1 1 nl,La . « ( _ T JuJI (_)Juu sLHj^J hjjSLII 
i_tilj^ JljljI £y*-i3 '-'-Hr! (j-"' ^-^' '" U £yi •J'i^ ' O "JJ * a • ' C 11 ?-^' 3^3 
\$r 0^0 (_yi!l Cj La j LtX I ,_pj . 3j_o iji I 4<j 1 11 3^=-i (^JjIj) ^j 1 no i"ill icj-4J>J.I 
a\ Jiiejj-uUj L^LjisI (JjLso (jj^Ja j^c I feAc J i^aJe 1 i3Jljj<-JI AjjaJjl l*JJj (j^. 

.(jjjjjljjl dJLUJI ^ak: 

o^J^M 3_>^ 1 j.^** Li.ru-. I (_yi!t (j hjjI aj I (jLa ia^jcJU JjI^JI j < j 1 1 IjJiJj 
jL»jV| iiiJj (j^LiS ^ gJLaj V <j!a >LiSLILi jl i_LdLi *Ij^ iSLJ^la]! jL»j!>U 

jLtji (jjiLiil i4jiJ^La SJl>-j »i it 11 ^^Jjl Jiia I jjj . A^Jtill 0Jl$J ^ fl-l3e 1 nJI 

i_aj^j>J,l (j^ iLight Year (iujjiaJI 3jjjJI) Ldiill »lolr tljo uu Lo^^ji AyaJJI 
(j_o Lcl < i"i (jl LLci5_^3 ^ia isLuOll /_^ jIa ^IjS (_kli 300 «jjiaJI icj_<jj (jt 
«Lc^_taiJl i>JL^J *-Ia2j cllalS 4_j_L«j 4_u_u jj^L^. cLiLb ij<Jua ^ i n'w ^j-« jJl^s g.a clajl 

x 300 SLuIj x 60 3it3j 60 x 3^Lu x 24 Lojj 365 = 3^LuII : JjL»3 S^L^o 

.^ILa »Lp lJiJI 

300000 x 60 x 60 x 24 x 365= 

>)-t-A J Lp Q^_lL« ^j^ji-a I ^^l^jv = 
(Ij^s 12 d^Lalj 10 <£j ^f) ' 2 |0 t_^Sjj 
^j^jj-a 10 ^JI^jv g-Q-uaJt pli mi *_LaJL) 4_u^xId «Lu_u jJ^L^. «Ui Lillii /■ la o 3 
CiLal i n o II ^ j i "I j fl]| 3Jl>-^JI j>Jufc (jLa I jdj . ^LJaAJI /_^ j^us ^Lp (j^-iia 

(3j-3 AJ-ir "l I n"t (_jjJI SJJJl^J,! (JjjLl2JI CjljL>-J (jX. L^J (^^l <"l I nj l«L«Jj/LJaJI 
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I.LigJI (jjs (sJlc 

3jl»-j (_5-4 j— a^l ** 2 j 2 >. (_i (jSjj <4oL«j 3Jl>-j L$j| 4 jo i iTill j_&Lk>j 

. * Lua^J 1 ^^JS «\j3 \-ulA jjjj LlSj «LjJ j_Ld 

jju-LlJI a^jcJJI i-jj-SI (jl Li3j_c IjJ •*• ' '-" <_>i>j-»U L^Lo«^Lo ^jj-o (J-»Jj 
liLa . «Lujjia «l_u-u 4j2 3_al i u a (_yi^. jt-iij ' ^j "jj " * a • 1 r* 1 "?-^' -3-^3'Q "° '"'^ 

3_Jjl_2JlLj JljlJI IjLjk jj . jjj '. I nuljILa jJjS (jJI 3jL>-jJI ojufc (J^*-i (j! I Li i*i 

'.(JjL»j 4JI Jl^>o i^ULa ^ no ."ill JiajJ 

I2 I0 x4,2 

jJLa jnS (jj-iLa (jj-iLa 24 = 
4jLxj^Oj Lie (j no ."ill Jju (je. Jjj-J i ^j "jj La ' a . I r&^-i Jju (j! tiJJi ( _ t Juia3 
(_^ La^j-Uo L LjJI J LaJ (_yll! i JjlJI 4 ^j-» i " ajjjcJJI (j_o liJLL&j . Sj_o (_aJi 

.jiil Lajjj. 4_ujjiaJI (j-l * i nil i_22l 

Classes of Stars (t^Jt Mril$Jl 

t"i a i n^ 1 jjj. Jal i ii Li I «L>-j^j /cj?ej>ij1 ^t LaLc_l 4-^jl iii" a ajj?e_lJ1 t"» , in' 



Super Giants 2L3M*jlI1 <3>a ajj*JLT1 - 
idjj-^SLII SjijJ,l) ji (LlL«JI 3-2JL«jlII) (<ujiI (j-^O^ll ^^» j I jjl*- jIUjj 

3-3j|jj<Ji,l Sjij-ill «LujSL!l CjIjl»-jJI j-j^I L$JI Lo i La-Jej. ajjcJJI j-jSI (_j-*J 

3j1j-JV AJ ^ (11 (Jj9l ^j.* j_lL*JJ. tJJ-lII ^1j-<t>- (_^-^J tJ-U3L>j1 Ll^jJI {j^*- LJ 

4_LLsl_i iJ7 ^ ^jHje_i £)] » j'-^" ' " * ci*_ije_) «Laj?t>. i _ 7 J3 * i n"< 1 L^j^ajtJa 't*'-^ '^"3^ 
^j-a jlo 2 LAjjJU * i n"l ^i-JI t(j no '"ill (^"*->- (_^ C^-? QW^ ^ (J - * ^H^' L7^- 

.^ysjj] i (SjS <JlLa t tSjS (jj-iLa 

i(jn«i Mill *j_il3 (_,ie. Cj1jJ,1 i—3 V I i4£^L«jl!I 3^ i^^ 1 ?-^' 0'^'.' $-3^ ^L)i3 
^j-a pJ-i-J1 1 JlA cu!i_«t tj-«J tj-j-« j nS ^jj-iLa (_3 21 1 «Hu_u L^_Lo ^j^* J1 j Ia£ ?*-Lj-JJ 

. ^ 1 jj_>J 1 lLsjI ajj?e_u 1 
Giants Ai^UjtJI j»>?^LT1 - 

La lj_u^ l*U jdj I (j l"i a ^1j_<j^>. L^JI VjS t^A 1 nil pJ-iJI (j-a LoJ^>- J^l ( _ T J*J 

, U , „j". « ; ljjj ij_oj>JI 3jjJ,l jl Red Giants j_oj>J I ^ilLwiJI j<ujI I gjlc j I Laj 
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Main Sequence ^yiujJpl j-jLIUI j»>»o - 
^_Aj i«Lj_tu_u^J1 tfLaaiaJuU f*^*-* Jl ^ la i --j" 1 1 a^?e_lJ1 LuaJl ^ o i uj ^-Aj 

A^J?e_u1 (j_« «lCj-4^>JJ tfjufcj ./CJ?EJ>J1j (jl 1 olllj (j^Ul *^-^>- (j-« ' gjl -* 1 t*j3 ^^ 

a^jcJJI f jx^co (j^ '/80 ^l^v *_Lj jl i»l <\ i nil (^ (j-alajtjl 3jjlr ^/l (j^^J 

Jjjij (jl I :.U". , ,.l i^^cJI ( j_o 2 aj| Ull oJl^J VIIlo I i i no mi Ljjii-I lilj i I^K 

ila i ..j~t I j_^ ^La 3L1S <_iJI 360 j Q^jlo ^l^*. ^-LlJ I Aj I U a i £j~\ 

Dwarfs (tt^tilt^^Jt 

Lu^>- a^jcJJI jJLi-a? ur&j i White Dwarfs r-l i^uJI aI^-S^I LJLc. (_, o . m~j 
<— <-i_-a.iJ I <jSL!j ijHo >^ 1-321 6 I J JaAJ jl LaS! jjLajj Vj i3_ali^ L&^ii^lj 
jji^ 3j_o (J^-lLaj jJ^Sj ' j'aPiS jjij i^LjLfli lj_&^3 Sjij-o I J~l~^ (jl Lflsj-oi ( _ T 3 
.<_) «LuLo-<JI !_gj» ."ill («^>«J I j" u a I <j-«J isUll 3-3US 

Star Magnitudes |S^JI jl*SI 

(jVj ijjlaj^l (j_o I J j 1] jJaLti! -\ o i nil ( _ T 3 ajjsJJI (jLtJt «L»-j.} CjjLijj 

3_jj^jl!I a^jcJJLs i(jU olll I j-a> 3->.j^ j^a^jjj (^laj'i/l <-j£j£ (j^. jjjJI J-aLc 

3Jl_<_»_jJ! a^clIlS 1( j uSjJI (_,i^.J • Lj^ 3jLl*-JI (j-o uL«Ji, ^i^l jJ^i "-*dj '-'- 

(_, I M_l L^_lL*J, SjuSl jl A^JcjJI (JJ>J ^JJlS3 (^ aJlJ-" I M U 7T I La I ,-1 I, I (jl 

3"'„'3j O^-*- 1 ct-^'"^^?-^' -"j i ■■"' (_yi^ liJLLill »l olr (JjJjI Ji^j ia^clII jJ^ 
(_£_>J (jl »_;l^" i " ' V (j^e-lj i 'j^ 23 (jJI-t—ij'C i nhlu ji 3^J>J,I (JUlIu «Ijjji 
a^=_JI J^LS i la 5^ (j-u.il i nil jJiill (_yJI (_ t jjj-c3 ct-^' f^?-^' ^1 *- i > J ^-'•' U" L »-'W 
(_ylll Lol ijjjj^LcuJI jJtill (j-o j-jjj>3-S^j>J,I (jutJu L^jjjj (jSlxj /JUlj-U»na» 
(j_o (_jJL!Ij i 1_lj^_2j ' a i a i j (J^j^xj I j'^ L^JL«Ji, JiJ_^_l3 i,jjlaL>JI jJ^2JI (j-o 
. I JiSL&j I Jaj| ' flxajj (J-G^xj jJ^JI (_5-3 L^q2jl i ■■ l j H a u\jlX Juiul «_iljJI jJ^2-!l 
•.(_jjLlII ^eJJI (_yi^- A^tlll jlj^l -ij i ""' (jSxj dlljjj 
(jltolll A > i ii t C 1 ^?-^' J^ 

100,00 JjVljOiJI 
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I.LigJI (jjs (sJlc 

39,80 ^liUljj^JI 

15,85 cUliJIjoiJI 

6,31 j_.ljJ!joiI! 

2,51 u^oUJI jjGJI 

I ,00 (j^^LuJ! jJlIII 

(^ 3j-a 1000 Jj_p Jj^l J"^' M ~T ''^ -Sj-a 2 , 5 ^l^jej ^Lll! jJtiJI ^3^ 
(j iLflJuj . (julxUI jlj j jJlll JJs I oK 4JI (_gl ijjjjjLJ! j jlSJI Aj^-i (j£. (jl< olll 

4-xl\ i nil jl JuS^I a^jsoj i (26 . 7-) jjt /cjai£(j .10 Mill jJuS jl JLso (JjjLl2Ji,I I jui 

. (Jj j I jJ^ill (*>?«-> (j-° 

a^jcJJI (jl IjljitJ jJia i[lc a^jcJJI Jlaj J-oLc diiill »l olr ( _ T iij (_^-lj 
= <LjSll^ Sjijvj Ldjj/jLill) dJL-ujU 10 ,_A 3Jl>-Ij 3^Lt»iA (_ji^. d a la ■ a " U-lo.-v- 
. L^_2Jl_j CjL^-jJ (j-u ^yU3egj| *_l^jJI I Jui ( _ T 3 IjjjLSj i(4_ujjia «La-u 3 , 26 
Absolute jjllaX I jJlIII r<u-ul iSjj^jII iaLull Jii^. (jLtxil! i>-jJ (_yl£. (Jlkyj 

. Magnitude 
g-ta-m <j_a LcJ (j-Jj-U LgJ>L»-oll LiSj ^>5tji! 2SlUt1 jljGsVI .jJl^o Vj 
(JulaJJI dJjuZi ij^ai\ 4JLJL>- (j^ J-*J uSla> (j-L*l! r^^*-^ 3^*i£ Jji3 ij^^jjl 

(j^-JJ AJ^iill jlj^I (j^-J jj-^- 1 (jl t T^?i l-iilJJ • LJLJ-uLio IjULJ Lt£. JlAJJ 4jSLIj 

jua] (j no ."ill (<s^=-i^ i(_>I=j2l •» La i " (Jj9 JjLa\j\} A j i nilu I j 2jj j (_gl i L^LojJI 
itljjj>JI Jaj! 3^L**JI <jb^ («-«-tILfl lilti x_oj ilil Lc:Liil! 3-ul .^tl ^Ijjy.VI 

. »l I nil ( _ T 3 U^Lc LoJSO JJljJ 4_cSjj i3j_o 3600 ;J HO Mill (jL*Ji, (j£, 4JL*Ji, Jj>^ 

3_u-u 300 l_Lc Jjl-lj ^Ijj-^JI lLsjI ^-*-lll (jl uJ\ J-^-J-J till J (jrS i.r rintlj 
't— Sa sLujjIo (^SLSj 8 U^. Jjljj (j no ."ill (jl (jia. (_7i^. isLujjIo 

i_j_iL^- ^I-l-Sjjlj (jl a^jclLI 4-ijt-uIaJI ( _ > ^>I^>JI «L-ulj.} j_^ I nlr (j^-«JJ 
(J^jjij LlI (_, i i ii "ij f_^>- i4jlJu3 (_g JJI I J^j JaJ /_*xilaj| I . .^Sj'tl-Jjtut I L^jL«J, 

.«LuLiJI ai i n-val aJJb ij\js>- 'L>-jJ 



SI 



a\ i n-val 4 » u,~ (_£ JJI pi < i"i^u SjjJlc 3j\_La-a u^\^>- uilLui (3^' (j < ""^j 
^Jj Cr^-*" (*J^"^' ^jl>-*" c — ) '- > "J-^ j-)J-d3 jj_a Lu S LqJ (_^-o1^>ij1 aJJt^ t4_L>.Lcuj1 
L$Jjlj->- -il-ijj La-Lp- a! i ii-val (jl <_2j|jjiJll (j-*^ (— Scla-i "tl L^JLaJL i_2jjlj jaJ 
^^Jl pi < ni VI (jjj j_jJLIj ja3 La Lc^j j_a^»-i pi < Mil jj^-kLi I Jjj vljU Jglj 
.3jlj^>JI 'L>-j^ .iLoju Jjjjl p' * i"i VI •*• j i *•«_' Ij-ii-lj i^^a-u^/La j-ajjaal 
SJlJo (jfl 4jj i .it CjIj_uju (jJI *-»-jJ > Mill rj JaJI Q^J /yi CjIj-liuJI ojuij 
(Jj-Te-TiTi-a . 3jlj^>JI <1>-j.3 j_l*jJ «L?l-uj tpl < i'iVI • il-Ja (j-a ^ a u *- 1 1 slj^v^l 
' " i « ^"j I I aK i4_Lo (JjjVI *j^" lj-° '^?i5' J ^ f '*'** frJ-i^aU (— aiajtJ I SjLjill 
i4 aJLL^iX] aoj?e_u1 d * i ill m£ jJI ^j uaJI Q^J 4_»jLiLa_i Ll qL qJ 1 jSjt^ . 3j1j^>J1 4s*-j^ 

. I j-^u , ,.V 3j i iiiill Sjlj^>JI cjLvj^ (j£, 3^£La (jjj^J 
i«l«JLi 2 ij .,^i i (^>SL!j 3j>j^>JU (jutJu juiLJuj a^=_lII (jl^tl *— s^ii-l (jl 

(jLJjJJLs .(j^jW • a_da.il ( ___uL>- ^LS (j_a CjLcm mi*-/! ^j —" 9J (^j-aj 1 -/ 1 ^_v (jV 
jlj-C i '(3^ (y^J •O^y^'' U5^' l5>2j La-a t< fljii^-3 I a^jjj-aj Jjjj^lS 1 j-a-s-il 
j la ' rt jj_a pi t__i__j| -lljlj <_}---o_lJ t(_^Jij___>_]1 I JJ^J (j^ »■ a < " 'I '"'■*' '" ,g * a I i-a-i-l 
• jl (j ill 7--<^3J ( _ T 3 ( _ T i>- i«ljoj-o -lli" (_--- jj-JJ ct-"' (jljJ^tl 3jJL»Ha ^jjaJj! 
4_i jjjjjjjij n_g^j>JI Li^^Lc Jj'-k'- 1 Kj'^* i_P'-* t-JjSLuajjJ Ldlill i\ air jaJbeJj 

JLaJiJLJ i/yi-iIaJI «_iUl!Li ^ a i nj (__^aL>- AUij ^^3 a^clII i_xjjj3 (<u Ji^j 
CjLvjJ (^c ^-J-i3 LijjJiJ (_^ol^>JI tfJUfcj icLlA-lIqJI I J i a I j -^ (_t^- -ij i ilSujI ( _ t 3 
i_3jj^>JLi 4-j-a-LJaJI plj_i^LI j-aj Jl^j . aojcJJI j>JLA ( _ t 3 SJljLxJI 3jIj^>JI 
SJ^Lala 3-LL«-a 3^>a ^^k: JjJ l^-La <_3j^ JSj OBAFGKMN. ^lIuMJI 
jl i imII ^j_a (Jj^i 1 l_3jj>J1 J Jaj . ^ la J i ■■ * L^ala ^j_a I ^ '^*" (j^-a-i iA^?c-ijl ^j-* 
.jaj>o Jij_>l ^1 J^j_j3 N i_3j^>JI Lai i3J^ie-<-u a^c-JI j^I (_,lr (O) 
L$J j_aj_j i4_ulj^ CjLcjjjj^a ^1 OjJJJ ajjl2 O i_2j|jj>JI ojufc (j^ (_PJ 
(Oja-JLa /j iLjIajl j-ajJI (j^A-i (_,JI 3jJ_lL>oVLi i_jjSLjo i9 ^1 jJlus (j-a jl Ji£.l_i 
(j^ (JjJej-oI Cj^oJI (J^iAj (_y3 J-Aj K /y^uaJl pJ-JI (_5-3 («^>o -L>^' J-* '^La K9 
sLcjj (O^so (j-a Sjjjejj jjSi Mo (- A^Ull <1cjj Lajso jjLa ^Qluj iMo (a^J 
i i in-v Aj-Je-LlJ I fl-L-Liaj tlf^J Vj 1 ^ ct^ Laj^ j»Jl2j 7-uiaj^Uj N ^ fl-Jaj| 

I j_, r'J t- 1 1 I jf _a-i 
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I.LigJI (jjs (sJlc 

3jjl 1 00000 O 

e^b Jjjf 45000 B 

42jj±! JjLa ^^1 20000 A 

(ji^f 1 3000 F 

jJu^] I 1000 G 

<j^aLi (^LSjjj 9000 K 

^LSjjj 6000 M 

slj^^ 4000 N 

p^ I tuiljl I " ' aaj * rt (^JS L»Jj_flJ Ju>»^JJ G2 ^ A^Utl p^_Jl ^jjl jno Mill ^^ju^^ 
VjS ijj .10 Mill (jUJ, jJ^ 3j-a U3r!-La "-^JLH 1 - f ^? L?3^' O^-*-^ j-^ij 'C3-* : ?-'-" 
^jjj r«^=-i-!l Q5J (jj .(j no Mill (j-o < ~< rf~»-T aj-a (j^jlo J-Lu uL«i, ajjs-JI (JJ3| (jl 
»Luaj ■ II q sLSjjJl a^jje-uI ijr Jb qj\jj>- l_A^!oL5 t» iiitl ^ se k 1 ■■ 3jl^>. «L>»j.i ^2^ 

Sj^.^ll 215UI «Lb-iJI A^tiJI Lai S^aJLkJ! cLx^JI a^JI fu 4lj>U 3J5UI 
3_JL2jjj a^cJJI 3jIj^>JI 3-»-jJ (_y3 L^jJjj iSJLLJl p!_^jVI (j-a 3jl_>»- J^L3 

L<_i_o_-v aj^jcJJI (_Lal j_iIL«j (_ T lI! ij-«j>JI ajj*_(J1 4jL$-(J1 (_y3 (_j3Lj joj Q3III 
L^-Lla 1 j j Lai iaj^=_JI 7c La 1 "I j (j 1 *JJ dJLiLcuJI 3j1j^>J1 CjLvjJ (_pj . 3jIjj»- 



Jt&rilmJt 

L$_Laj t^ i uj 1>JI *_)LjIlJ1 ^j-uI I J^'^ (3^°^ »1 i nil (_ T J3 a^jseJJI A la * rt (jl 

tj-SLaJ (_£JJI rH>JI J-aL*Jlj . L^ii-lj jjls (J-^JjJi-l^JI (j-a Lfc.i^3j ill^l fl'mil 
(j a » j a .<ltSLII jji (_, 1 ".Hj-11 *-iLijJI Jaj. ^^3 4 <i l"i ■•■J, 1 ajj*_lII (j^_i (J5>A? O' 
(J^IJLJJ t^Lft-i nil (_ T J3 3j_aLl11 a^?e_(J1 ^j-a _$-&_$ i4 ^l-a_u1 m$j * Mill <J!La a^jseJJI 
J Jl_t_i3 t^ n Mill (j-a U^_LtfD ^c3 (j-aj ^J^^>-*" k J u -°l J-^J t^ n i"ill 4_Dl ^j_a 2 , 2 

.(j no ."ill ^L*!, 3j^ 21 4JL«J, 

(<s^>o (_ T i3 i<Gjji (jyl^- Jlajj>J (_, 1 "J^J-ll ?"-jLXl1I ijaj- ^^3 (O^till pj^a ' " o! 
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(j^. ij^yjvjLiJI «L3^Lc. JjD Jji^cjj 4 j ft (jl J^>o 4_uLijJI (^j < iSJI J!Lo (JjLii 
«L?t_u_t£j t^Ldou (^JS 5j o"< lull 3j1^j>J1 (j^. ^-t- 1 J-JJ^u JaJLuaj < lol ^"^ Vl Jjj^la 
ijil JaaJI (_jJI i_)j i m" (_ T lII (j-o ^i SjjIj^v SJsLLaj >UA"-»j («^*-<-ll (jLa I J^J 
( _ 7 i>- TtJvQj (jl r«^=-i-!' (Ji-'-i i$J^' dj-^' Lz^-3 - J-*W U^ '"'.' s p ' ^*i J (*J (j-°J 
><1 -y i II (jJaLj ( _ T ^ (JjAjj i?-jL>JI t _jl\ <L)j i n"il,l SJsLLaJI (_>iaJjJ(J (j-o (jSLjjj 

.3^.j_tuil «lSjLs Sjjj^JI cj^LcLajJI (j-° 3_cj-«^=-a 
aj (j-oj Llxc JJsi i«u Jal *"--VI i _i j 1 1- 1 1 t( ^>.jL>JI i_a^L«J! JJD (jl <-^ T p- 

4 Jaj^iS| 4jjjij| Cj^LcLfljJI (JjSjj i LUoLiJe-il j^\ 3jIj^>JIj (JJSl ■ U . , >. I la 

,j_o Jai 3-lo^ «_ij ^stllla I JiSL&j t Jjsl rjUtll 5_>j m"iU 4jjIj^>JI SJsLkJIj 

«L>-jJj A LlSUI ( _ T ^ 4_ili>JU (_, i n.Mj-11 Jt-iLDJI a^cJJ Sjjj iaj| ojuij . sjjiaJI 
JlJ_o ^^jcJJI jj U" t tLLolSJI ^ i^Stl ~x^lj ( JS ,"n (j\jj 2 i3jIjj>JIj (jU olll 
(JJ-S-J ULL-j {_j i mj'JjJI x_>LHlJ 1 Jaj. ( _ T I^. J^J-JJ f^^?-^'-^ . CjjJ,I ( _ 7 i>-j J^LlII 
i^L>-I a I ^L>-Lcj 1 1 j lLsLi (^ (j-La-jijJjgll (j_o L&.JjJ3j I <1VI j" i "I ^Ir Sj-lLa 
(jla i4j^jJ,I (jisLill ^ ^^ji-A (^1 rfS-^tJJI Ji-I J (^ (J^JjJlX^JI JjJ-U J-OJ 
La ' aJoJej Luij .joja-JI (_ji-!j <j-o ( _ 3 _Ll>-jjJl : l^JI JijJSjJI iLi-b ^ j"'j i »j a VI 
SjjijjJt Cj^LcLaHJu^j^uJ (_jjJ!j 4-»ie i^aJI «LbSLII CjI j AjjaJjL9 ia^jcJU CjJi^eJ 

. J^l I (j'iI'i'C (_£_>i-l ^j^j (j-° Pj-^Lj ct-^r-jj^ 1 ;;^-" L&.jjJ3j u&~'i' " '^-»j><-«JI 
g| i n o -»- SjlJ, (_, i n j'ij-ll jjLnJI iU-»- (^ ^Sj". h-JLlU Jjj i ii ( _ ? JLc- ( j no i"ilLa 

j_Aj-«I_lj1_«_lII ^jt i"ill («^>o LoI-(«I_uji (J^lLo i—sVl <J i ii q->- (_gl) 4-uji (j^j^Li 
• jLUjI i la3> j " *^ i ttfl-< d L^a >a (jAJj_a (^l^jv jno i"itl (j_a ^txiDl fCJ>o LLu \-<i£ 

, >U^a 4_L<j, (j^ji-i I , 5 Jjlj i (_£_>i- 1 «LL->-j^ ^1 (_, i nj^J I 

/_SLLdj| j_& 3jlj^>JI «L»-jJj (jl t <i HI (j^_i ,3j_flJI Ja-3.Z (j^ Jj! (jlSj 
aLc (_y^ J-^J j»La Ju£j -J-^uj C7^i> a '^' (j^lritlj g-Jlj J in"lj-ut (^j-^jl jJI 

(_ 7 Jx. (o^j i_p )«-^3^3 i(_>^5L>- (_5-iLu (JSL<i (_y3 <ia j^^jtJi, I a^=_lII (_pi_jjj^Li 1913 

(_jJLcj i(j fl-^LaJI pjjjlj «Gjlj^v «L»-jJ (_3-^ *Lb Aa&d i^aJl i—SjJa (j^ (jU(-o Jju 
(j I La 1 1 ojJi^ (_jlr *Lb 2 -^— A . — . T 1 (_3jia (j^ (ju>-o pLajjl 

t/CJ5EJ>J1j 3jl^>J1 4s*-J^ (j_« (JS (J7-^- >J- t £ Jt - i ^, ^^ ^ ~" ' I (JM oHI (jl l1x_l>.j 

(_g^3_«_«JI jj^>J,I (_, ? jii-»Jl (jLlxJJI 4_j£ JiUj JSUo f^ic ajjsJJI rlj^J (jLa 
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I.LigJI (jjs (sJlc 

ilijl i n"t liLa . Ajja-JI aL*jv| (jx. S^SLa I uiaJj ',_, a^zl j^>JU ^-fl-jlaJI f jlllj 
Lo-aLoi^v ' alia- 1 j i(fj A^utl LuiLcjj (_JjLjij lil (_gl) (J-lxjso Sjlj^v Lla-j.} 
Li ij_l£^I jo^c-Lll (j-o J a i uj| ^jJI JSLiuJI fjjS l.jjjj.jya jJLca'i/l fO^til! (jL? 

LxjfcLcjj <_iJl>-lj i(j^xJ>o (jLtl, (_£jLcuJ I jl 4JI Ji^o £L2j^iaJI (j iiAJJa . js>-x\ 

L&^Jl^- (_5-J-!l AJ^c-iJI (j-a SjJji^. LaVl (jl Jt>-J Lojii^. (Jj-uj (_>iufc.3 JlSj 

Ijlj * (_? ' " J >J— J 1 *_jLlljl ^-& JULjLLtS Jajv ^j-4-^3 lI^JLSJ tJjjLaiJI (JS Mill (_ T 1^. 

Sju3j3\ uJ£ ujjusjJilu lilj i4j3j_o <La.la.La UaLaJ I 'j^»" A4^=-Lll i_22 I 4-<-ulj Jj 
0Jl_& (_ t j3 j ua c q u o i"i 11 (jl ■»■ , >."1j i 1 ^1^]" a^jseJJI 5j ^ o^ iJ7 £ 1 uJajtJ 
(JS mi (j_« ■*■ ' ^" *j . iJr j-ajLijj\ *_)lllJl (j_« (J ^ ' '■ *' ' a ' a ' 1 1 (^JS f-^J <lc^_<>j>Jj 
3*_5j a^j?c_J1 -n la * rt (jl t ( t J-j-oj-^LJ 1^ 1 1 iTAjuJb (_j"< o K t jLx-oIL>.1 j-Aj) H-R J--A 

j-i£l j^j->j '-' j"*" 'j-" 1 ^' tj-^j-" er^l ij- J ^-*^ <l a £j-£j {j^lz. JSLAI! (^ 

-Sj-jl Jl^vjJj cix_L>- (j_4_i2l L>^>^' J 1 * 1 ' ' Lr^-*" ' "L*JL LaJljIuIj «L)^s_<_u Aa^e-Jl 

a^jjeJjI m^-^ QjJb ij - -A jjS i"itl ^j-« iJ7 \^.2 1 ^j-^-i^i 1 j^^H' (_^ r*^-*-"' ^^^^ ^-^J 
j-cuj^l (Jjj-II (_5-3 (J^j-uI Mj-I'j I'LaJLxJiJI Jl>-j3 3jjI/LiA I j~ -- 'j 4iILjj(JI 3>^ 

. sLiia-j-jJI aIj^^I I fel^ tj^ 3 ' f^ (J-°J U ^..'- ' iJt!-*- 1 ^j4i iSjLiil ^jjj-o 
My-3 (0-13 (_5-l-II 5_jjjJJI i~<M c I all I (jV ^ i a I 3j " (»j^-i J- ^' ?-^'j c?^ Ct-^J 
i4-uiL>JI (jjjtj-u j^jLSj La 2al taJI (j-o I j_.'a Jl»j /oJj iCjjL? jl i " ■ a «j" a^ L^j^IS 

.j i^"i-sj (»3^><J L^JI 

j flU i ■■ rt /c^?E_tS ((j-A— u-uJl (j^_J^La) ^j-*^' (J-* S^IAj dlLLA ^^ 2 ■ *J (m I iH ^jJI 

<l 1^1^ (jl .(_Jj^>.i JJ-laJ (_L-vlj^ SjjLJ J-4J (jl JjtJ (Ji^J.'l (*j^ (-7^1 (Jj 15 ^ f -* 

(jjAjl (_y^ (j^« 1.Q-SJI i_!j_C.I (j_o iL^jLsj (_jl>-J uk^^LLa J_Lo A^jclll 3Ll>- 
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LjJl».^J if.\ u*jlA\ *\j!h*$\j 3Jl1L«jl!Ij u i "j\>!l £4^-"^' ?3^* t^V ^J^ 3 '-^ 

AJ-3 J^ JjLS-a ^^3 u i u-iS^JI xjLuJI Jaj. ^Ir (0-so 100 ^^Jlj-a. J->-JJ 4JI 
JjJjJI Sjja (jji /cjLjJLjj .Infera Red Stars s;Ij-<jj>JI c^>o a^cJJI (jjfcj 'j - -* 
i Jjl La-Ll 1 /yi «_iij ajjs-lII ojui Q^'^^J laill 4_l>-LL!I (j-a-»l oUtl Jl»-j JJ9j 



Stars Populations »ilfjAaMl | 
Sj-jc-q ^j^ i r-i"i j Walter Baade m$jLi >UIj taJbtll aIJs i l942-l94l«Ll<i J>L>. 
. j^^v^l -jj . ^ tl lr <L-ul m> 2jjjj'^" CjL»-^Jli i Andromeda 2l.nl mil 3ljJ,l 
3.}j-».jJ,I aj^jcJJIj iSj^J.1 fji^ iiljll a^jc-lII i_2^tli-l 4-&LQJI ( _ 7 £.j"n nLa 

ij^-j (J_j^_ilJI (_, I r 4_L«^v l_«ja .pji'i/l (j-\_i 3—L5LSLI1 (jjlaLLU ^J9j 3^A' l^ 

Sjj^JjJ! A^c-JI 3_iJ3lj-«-> Ljjjjx-a !^& f.\ .VKVI ^JJ tlliill ^If jU.'/il jJLl 
Jljlj (j-SJj .(jjSJI AJ^so (JixJ 4_Li£. I(jj^ IjJl>-j (a^Ji l_ajlaj t(j m ."ill (j^ 
<Lse-LJ3 Ij JJj a J J a3 il i fli ) A jjajjl 'L43-J l_Lai- Tciiajl iCjLJjLiLo SJlC *Ij^>-J 
f J 3 " U L-""J (<" (j-°J ijL4£.2lj (_pSL!l S-jjl 1 n"a AjjaJjl t_yzjLi ( _ T 3 (_jjS^l!l ^^3 
(jl (_, Ir (j^jSliill (j ajjj .Population 5^ j »aJI jl (jK 1 nil a j j a a .. JjJijsJI 
Sj g -y (JiL«j-<ijjljjJLi Ijl^x. A^a-iJI aJi^I (j-^j~(j "o '"'H SjjL>J,I a^=-lJ! 

.1 ^J 

(_fljjj (_yjij ''LjJU Sj^Q-V (j^ «LflJjJtA CjIj_l«jO L^J (_7jJI (^3^*-^! Cl«.H>J 

4jj^£L!I Cj^IjS^J! fu-u\ diiill »l olr 3 ' JL3 ' ^il>^' Cj^tSJiJI 4j^oL>- Zjj i aj 
j ' a II (ji_j 7-jl^pj ^Ijui ^Ir . U-^\l* (jjJI Clusters 3_laj«_l1I Jij ui ->J I ^Ir 

L&JJlC )«-LjJ Ji^ A^5=-l1I (j^ (JJLji JJl^. (_yi^. (_gji>OJ l4_UJjl3 4_Uj/ (_iJl 200 

j mi-kJ! c?>i3 •<-a>I^I 0LL0 iJLp-tj i_aaJVI olj M.f Jis-IjJI j uuJI ^ 
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I.LigJI qo folic 

.AjjsiJlt 1 MiftjLa LLu£j JlJj-ix, jjLtujVI 4_l3 ^jjS i4jlj^v| ^1 J^ill IJLA 
Lol ij-«j>JI dJiJLjjiJI (j-° (Jr!-^ -iJ^J <Jj_)-" «Li! Lx-»J I (j-o JJJtil '^Ji SjjfcxlJ 

SJOLjjil! -i^j-j Vj ij-*»- 2 ^tl i«~ ^^jcJJI «J,I (jl J^j J-2^ ''j-? 1 ^ t-Ah fj^s 

dJJjtJJ . (j->"i-ll"^e-a (j-Gj_«j>o (j^jjjjp-v Jl^v^j ij_o2l I Jui (_£-}Ll ij-^ • 3 J->^' 
-(_£-iLj 1 iLLclj . 3_uliJ| g j g ->J 1 *s_<_u! Sjj>J,I i .ft (^ j_«j>JI A^jaJJI ( _j\cj 
La? .^J^SUI jLJLILj <iiiui.l 3_uj|jJL>J| f ji^l ^ ^^vjll jUJ! <j^ liujSj 

<_J-3 ( _ r ^ .Jj^vj-1,1 jLiJI (j-o d)l ui tj Loj _>^' Ct^ 4_oL\!I Sj ^ -»J 1 *^><-i 

iSibo^JI 3-iSLLaJI cjLuIjjJI ^j .^yJjSLII jLJLlI (j-o Lh^ ^UJIj iSj^JJ 

a^>oj (O) i _ T ja_LLij1 p^-tJi (j-« A^5e_Ji r-jjaj *j ^j >i ' I tfjufc Cjj>oj t4_u_u (j^u-J 

4Ll2j j_co Lx. (^c SjLx. AjjaJJI ajjb S^Lo (j^ 3jLU (_j-2 «L»-ijij .4_L>-LjJ! (B) 

. 5j ^ ~»J 1 i>Ju^ CjJ>0 ^ f I nil 4-LAjre-ul JiQ I il^sjl 'J^J la a a . «U_jJ2J j^u^l!^. ^yO 

\ 'i 1 no ~u )«-2jj .4JLl2j j-i^sLx. 4jU,I ( _ t 3 (J^-cj! (j-o L^JjLa (jjSLijj i4_Ljji (j-U^L> 
4 1 n o-v (j-a utjLoX.) 7-jl^pJ La^j>o J i"i*tj :4_iJlj_JI iLjliJI 3j g tj^TI — 

.iuliJI uJa jio^L^ 150 

(j^-j I ifej 1 c 7-jl^pj (jjjJI A^c-Lll J i"i"j "''j ta " 1 1 4_iJLjJI Oj gn^itl — 
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. (aj-iI^JIj (JI^vjijJLl^J! (j-o (J^J^I (_gi) dLuLJI ja-aLuiJI (j-o S^uS 4 j i n I (_yi^. 

a^=_L!I ■ i j '■" I niil (j^ jiill i^^jjSDI jLJLtlj jLj-«JI (jl (_y^ iJt!^- 5 ''-*-* o' 3^H3 

j_^l_L»JI ( _ 3 -3 3j-^3 (J3^ o'j "-4 V SjLuiil a^jcJJI L^io CjLJuJ (_j^JI S-iLUj 

2 1 1 J S II A^jaJjl oJLji 3 I mi t CjjSj (^ <lii idiljj <— ll j i nVI Jl»-Ij .2 l_iii"ll 

(j-ia-jljjLjji (j-o <_JL*JI ^^3 03^-° j^ O^ *jW^- S^^vjJ.! 3^m ftlajtja <JjjlS 

- I i a a 1 1 (_j.ll L^jjLa (_)-aJU - I La c I ( _ T 3 CjJL>-I-L$jLcuJ Jjlj- a^jcJJ I (j^Jj 

C^ Jl3 JiJS a^cJJI ,j-o !j^j£ I JJlC (jl idJliill »l olr jiTujj ./oja_JI (jJ^Si (^ 
3 j i n 'i Cj.il .ij La i L^ii-I J (^ Cjj-u (_yll! 31_l£jjM jj^sLuiJI (j*-* •.' fl <>»*ll (^ 

. Ajja-JI (ji_i (jJ^SLII jLiJI (^ 21jii"ll jj^sLulI! 
(ji_j La S^U, i^^-JLiiJI (Jj^JI jLc. (j-a S'imiLJI AjjaJJI (jLa dlljj SjjejIjj 

t/CJ>o (_£l 51 i ii 1 J t '^ a .«U_LflHj1 ^-i-isLulII (j-a qjulS d 1 1 nt L^J t^-jjI J^ tA^JSE-ul 
j_UoL>JI cl^^JI ^^3 Lol i Lj^JJj 3jU,I ( _ t 3 4jLo jLc. (j-° SJ^SLo 3j^>J,l CxjlS 

<jf VI .Sj^>JLI ^ 3±^L!I J^(j-a '/lO^jk^yJjSLUjUJI SjumI jja23 j-^? (jla 

tfjjjaj 1 A^c-JI (j-u Lo 3jLo jLj£.j jLc. JJj3-* (_5-3 j 0" 1 11 j i_2jjj/ A^ja-JI J^>-J 

.(jjSJI ( _ T 3 A^ja-JI SLJoJ 

V (JL>- (_5-l^ «QjL) j-;^- jJljj^ ia^cJJI ( _ > iuLiI CjJl^o 4jj^c 3jjiLk> liJLLai 

^0 lull pj-i-Ji A^?c-iJl i>jLjfc (j-«j • I ta ;l ^j?ej>j1 ti^*- (j-« 2ij g j *-aJ I ti^*- (j-« 

(j_o 5-j-a-Lulll aliJt, CjJo'iihI Ji^j iCopheid Variables <LjjLL<-2JI CjIj_l»jILi 

. I $^<* p^-i-ll Ijtjfc jj-« («^>o jjjl 1 ^ . ,"nI (^^jjI ^yjjiAji2j\ «Lc^^j?c_a 
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I.LigJI (jjj (sJlc 

( _ 3 -3 ljj i ii II ^i dJLLill i\ olr tcjv^jj ^ i laj ' a 2jjj.J 4Jil>. 4jjI< ( _ T 3 i^ii£_jj 
jojaJjl i—SljJal JLJiiJ IjjJjjI . a^jcJJI ojufc ^^3 r_n" \l iVm (j-G^s A^J ttdJj 
l^f) u m<»11 oUoVI ^ J-*jG£ :,_£j^V| Lai .2_ujL>J! ^j nJiljJI (jJJ 

(^iftSLij ^jVl 2JUJI ^s .^a^tlJI Ji-b JjL^J! .Ui.MI ^j (rjLiJI ^1 

4-uLaIjJI C-Ijj^I (j-o «L2JLiC i2jjuLl2JI Cj!j_l»jJi,Ij ■»■ flj h ^£js>-z\ (_y3j (S^*-*-^ 
A^?c_iJl a la * go . ((Jj_uj-*u1jjj_ul^_a>) ^S mi ^j-a 5j j ^ i <•> 4_t_iLi (Jll^o ^-Aj K, G, F 
ia^jcLILj 2^Li£LII 2ljft 2-»JL> (^ J^-jj lj-^J i2jjLojJL1! ^^a 2 .s .tl ^jut ^^a 

)-a-d i "J~J a II Sj'j-^ LlulSj i2jjLojJl1I Cj I j-uuJl I (j-a jno ."ill CjjLS jJj 

3x.jji5t-a ^^3 Mira IjJ-a 4 o i nl 4jjl fl-uijl Cj l^-iill I (j-a (a^-i <-LJLuij . 4lj-a-**i i m 
/. aXaej /cj itiJuJl jjJill ^j-* r^=-" dhL?<3 '"" ^^° tiL?-*-"- 1 -3-^9 tCetus ^j-uLa-i^ 
( _ 3 -3 j_jJL1j 4_lSLIj i— ij'v i iil'ILi «£j|j ( _ T 3 j o" i ii t Lul «_o i3j>^>JU (j\jl}\ (j-C- 
3j-a £LJI_*_1 JtJ^-J (O-J iJt-jUU-ul 3JlC Q£L>- (Jiajj .j-<iL*J! jJ-iiJI (_^>- J^^l\ 

. I JSLtj cJlilt jJ-H! ^yJI JjJtJ l£>^ 

ajj>o (_yi iN 4_jjj-aj M 4_iJj_o (j_o 4-iLlLo-*J! ajjsJJI ^qJajta (jl *Jsl^Jlj 
jji^ ' »'^t Oj^ ^ (jItqUI (_y3 ^jjilllj .3ijjIaJI S^lill Cjlji (j-°J Or!-*-'- 

5j xaj I di! i cj!j_lJLiJ,I (_,_$ j! jlSI 2 < j i ii ^ I j j Ij-j-«j ^l J t^j j!hj ..U^'a 

CjIj_lJLLI,I (^ (jU illl (jlaLiJtJl «Lui (^ I'lliill »l olr Jl>-j Ji^j 2ljjUtl 
ojLjij ijjaJvSLII CjIjJ (j-o (_yal '^""1 i Lsa La a» i^^jjal L&Jl>- ^l 2jjLLl2JI 
lJijISjj (<s^=-iJI -i>ri ^Ls i JjJuiuJI jojaJJI ' " I j a a. (2j£, Luj->- ' 'j^»~ S^flsLLiJI 

aj_lC (j^. i pi j i ii a idilj-iilll ( _ T 3 ^^jLjtAII (jjjQjl (ji »l oUII (jju J i_i>i3 

Sjiju «Q^L>- N M "ijjj-o (j-o (^>?<-i (j| •f < ^ : ?-^l jjiii Hjj^a (_,i^. )«-2j jLJLII (j-° 

(_yi pj-i-!l I j-* (j- <*■*-"! < -^> :;t ^ I <i MT' a 'iJt!-^ LgJJ-^ 3 4j«jjiI daJLi aj < I j 1 1 n ) 
.«LujL>JL> (^jSJI jLiill Ijuk SjLo (j-o Uj^v (j au 1 1 i^^ji jLlC. l#j 4-ala-La 
O j K £gj La 2_uLjlaJI f-l^j'i/l £yl 2j(j5>L!l A>aiJJI (j^ '(Jt>*"^l 2 T p-L<JI ,j-oj 
^_j1S_j La 3^_SJl ^j-* ^j uaJI 1 Jlj^ ^-^J « g J ' ga J I ^y^ 5>uS cLuiS y i"ilj SjL>- 
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4jlr L^j-JaJL 4jl1«jj (jJjSLII jLtill J-^^ 'u^ + '~"l dai-Co ^Ir SJaalse all 

(j_a lj^»- Ij-iLJ Lcj-i J^-i j(j i "j\>M W^-"^ ilai. (j- ^Lufl (j-UijJI (_j-llj 
,3jLc 2 j a j tail Lgcljjfj T Tauri Variables j_jjJI CjIj_j_LLo ^a, Jj aj^JLII 
.^^^ujjjJI j-iLllJ! ^yk: 4ijlo (jji jlt-alll fji }LJJ3 JuSil L4I0 f<s^J!j N,M,K 
«CjJ^v AJJ>o L^-JLi LdliJI ^Lol^. J ii~ itjg 1 liLJo I j_<ju j_l*jj a^3=-<JI oJui sj-iloj 
t>J-tb (jV JlJLS S^j^vj_a Cj I j_lJLjJ I (jij i^.ti nil f_j£ 2jj£JLo t Sj ?"i 1 11 a J-±£-j 
•D ' ".M-P^ ?4^" Jai. ^1 I j 2jj U ^a . j-*t5*t| a A ^r- ^a (Jljj V < i _H c -'-" 
t_j^2JLj L4I0 Jl>.| Ji^j-JJ 2j iS^jLlLo SjjLLLill Cjlj-iiiU Ji^>o Ljj^a-o (_j-3j 
^^-OJ-iJ (0^>o 1— aJI 20 (^Ij.^ Lijjj^a (_a S^j^jlXI CjIj_l*jJ,I ^JlC ;<-Luj • Lj-a 
A^c-JI [ftJajua (jLa 1 ^j * • a 1 I (j^L>-La 2_iLxj-u ^^3 Lol . L4I0 ji- 1 ji pjJ (_yJI 
j Tn" L$jf (0-C.j-J ip_j^>Jll (j-a Sj_ui 4 j 1 n t (Jixjj '" lUjI ^J a £>£. SjLi^. Sj-iiiU 

2 j La -- 1 1 4_«_o t_! JlJJGj /j fl-Ja j- : i T J-«3 <j-o ' uaJ,] (Jj i(jl< olll yi <_2^Li>-l (j-o 
^jL^ilL) (_£JJ1 lLa^JI ^-^3 t^JjJ.} «L>-lju 1 JJb j-lumjj > la 1 "j" rt x_a!d^_« <J^>- 
^J| 2 j A j U 1 1 1 U j U -^ 1 1 j-|j_££ l_Lo cjljisVI (^ 4-gcLa.m Jii-Lj fQ^e-LJl 4_j3 
I Ji/Ll^a *> -» La 1 " i_l!jj*jj i|_£^3»l S^a (S^c-JI (_pL<iSLil *Lij| (_y3j i^LSjjJI «Lt>-LL!l 
' aglaJl (j-° «Ij-«j>JI 4_L>-LiJI ^1 5-uLUqJ I < ioj La *- 1 1 7-lj_Lta Ll^. 



Nova ( U)$mII ) 5jA«Mlt |«^iJt 
I ''j I a-g. I— 1 (j^Lj-SJ Li L*Ujij iSjLtil 4-uIqj a^jc-LII 3Ll>- ( _ t 3 i"«ljjU~tl jj| 
(j I Lj Jls-_oJ I i i no mi ^Ir dl! j I * 2 ■ la ^1^ . (j-\-uJI (j-U^La I j".t\-^\l ^ t_J LajjJ 
' _i a * J (_gJJI ^ SI J I II I j ,",! *C J ja3 1( j no i"itl Sjlj^v yi S w u 1 >. 1 1 S^Lj^JI 
L^J ("1 1 njl (_ 7 ^JI jj-o'j I (j-o (_p=j^i I (jlS 1 11 JlJi^. j-jj-»3 'l^J i^aAJl (jl « oltl 3JL>. 
(j! j-j-C. j j U ". 1 1 I jtji I j aj j ". , uj (Jill SjJ,! (Jjia-1 3jlje_i 2^jl>>'' 2jo it? VI 
2JL>- ^^3 J_aL^ j-iij ^jl\ (_JJij3 iCjjIj^ -^.^^-J (1^ ' '" , ~" < ^~ 2-jSiiiJI jLcaj'i/l 
i3La_3 CjJ-x-J Jl^3 .CjLcLjj) » Jaj (_yi>- jl i-ta 2a auI «Uuiaj (J^L>- («^*-i-!l 

(_g^L«JI «LJL»Jk (j-c 4_JL«J, jj_^jj iSjuiuj («^=-i-!l j t~ a b (j'"j' , -^l i3^' JJ ' J^*^3 
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I.LigJI qo folic 

^^iJI iaj^cJJI ojui Jiloj .lIiIjJ,! [jij^Lo cjVL>JI (jiutj (j^j iCjIjJ,! i_aVT 

a^cJJI (j-o 3L^a x j i a3 'J LaJul < " ■ fl 1") V ^LuiaJI «G^Li. L&jLajLiI (Jj^ (jjSj 
.liiiaJI f.\ olf aLu-aI t-jJLStla «L_cuJI ^ 3-»_a}UI 
(jl j_*_j-s to'j-tb Jljj lii II (jl < <iltl 3JLv ^hala j o"i i n"t V JL>. J£ (j If j 

i - 1 j A -^ 1 1 ^^.3 o ? j_^3 JL>.Lj i4_JL*J, (- <^al jJI 2^j i " ' j zkjuX] (0^=-iJI J i^aJ 
. L*Ui osej jl 4_a-u (jaj^sc ( _ T 3 ( _ T luo 2 1 4-jL*Jt. ,_JJ L»->-lj Ljjajj Jj 

5^j_>Jll (juJLj jL&Liuj (jl n— ijS i nl'ill pl^ni-l (J^a jj i ihII (j- ij^} c^j 

I j g \ U i -sj (j_oj i LfcjLajiJl ,JjJ3 a^jcJJI aJJb I g-ilc LluL? (_yl!l S-lL-o^I 2JL>JI 
. LijJl>- CjLcoj a^jso L^JI (jj i Laj IjjLS mjI Nova SjjJoJI A^tlll /oj-ul I gjlg 
j La 3 j-j-S-J V jj^j.'l L«^3 U3^ '(l-^J- 1 ) J^*-^- (_y^l f 011 ?-^' ij3 J;e -y 0' (J^J 
j j fl-i ..j'j'a IJljj^ .CjLcL-u » Jaj ( _ T 3 J^tiJI (O^JJ i^Liia VI iSj~ '~"^ S~5^ 
' a 11 5-g.j i n J r-jLkJI ^1 jUJI (jji jU. <_3>Lc. ijjj^eiij JJUill ^ <«-*-<JI 

i_a^L«JI I Jlj* j_a> jtjljjl jl » o III i . . 1 1 uj . 2_oL\!l ,»3 ^lo >^ <tjLa.ui.a.>.j 

(_^fl 3_«_oV I Uj ta a. jj mj igl ■ >» fl II ^1 jL>JI jUJI J-3J-U lilj i JJUlI.1 
i_jjJLj La jl i^jJ J^LJJ •<J^-^jLJ' jL i4^' W j-J-<uJ (_t^-II ' Laj La-jJ I ( _ T ji t< a-da-il 
( _ 3 _Sj i«_o^L!l pj-uaJI (JLujI (J-2-JJ i3.}j|j_l!Li (_gjL*JI i_2^L«JI IJljJ '<*3^ (j -0 
(^ jLiuIjVI (^yS j o"i i n_i 4JI x_a ,jl LaJal (2>c (_gjL«JI <_2^LiJt j^useJ 3jI J 'H 

.cLlL^^I cQJLv ^1 (<s^=-iJI -i^JJ T I i^anJl 
Jju (^jIlhSLu joj i L^j^Lo (j^a *j^*-J r ' i^aAII ( _ T 3 i_3JLSjj j Je fl " (j jl L9jjJI 
i4_ljLj a^jcJJI j>Jui j-*-fl '"' CjVLsJI •" La » a (_j-^J i^LuiII I g iT - ^ (_^\ iiJ-I J 

Jiiji^o LajiJI ^m (^a 3jIj_)JI (jl . 2 q Ia", ; ^ v^jl^ll^ u^- 1 3 '^*,' (_^ I ■x* t^j 

11 La fl 3 CjLcLji » uaJ dJJj 3j *"' ' "-' D'-f > "^'' ij''*.' Cr^3 i4^>-Lio ^jj uaj LJLc 
.0uus[s>- 3j^.LaJ » i^aiej V «U| ^Jj LjjajjjG (<CLi3 jltolll (__>^i2j Lai 

,jl -> a Wl 5_<_l_<j_c J-j-S Sjl^-Ij aj U ^.K LsjJil ^LjtiJI jjuallll /oIj Vj 

^j^ * * (_^j ' g I ua-flJI {jjj] (_3Jl2j /cj?e_u1 ■ " ) I fl 1 1^ (j-fl gLfl^Ia ^j.^ ^IxSi jl jJljj^ 
3_cj_tuj JJlajJ 3jL»-lj (Jij i^ji-al ^1j 3Jl>-IjJI ' " 1 1 fl j La 3JlC j I ta '"' jLLS-al 
.SJljLoJI ^ fl j La 1 1 Jj I 3 '^« j ' ' " 1 1 fl • La 1 1 (_p (j^ 56 -^ j' >tS»jJLIj ' I go2jl 1 " (JA j-j^I 

i3jljj>JI 3-».jj pLfljjV S^cjiji^ (^Lj LajiJI jL»J, ^3 S^Ljj Jj! (jl jJ-jj Vj 
JjL«j La ^yJI SjjuiI.1 4J3UJI 2^^.Utl JjLflj g-l t uiVI 2^.Lu^5 SjLjj (jjj (jSLJj 
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(Supernova U^l jri£ri) *jy"V $$0 l***^' 

tAj ^ e_*(J1 ^^"i i na ^i^. ' -^^'^ »-l)^_a «L»1 . 3j_jjh-o ^1^>-l ^^l Jjj_<w_i3 r* ' i*aAJl 
jjLfl -r I Ja-aJI ^^-S /o^jcJJI SjLo (j_o «j-^=-J t-SJJjj LfljjJI SjjiLLi Llxjl^ liLa 

La^Jj-ij^-uj^Mil jji 1 054 aLc iCrab Nebula ^LLj-uJI ,<uju-u ^ juijJu m£ JJIj 

(jlj_L^v (JS i"i (_ T 1^. 3Js_)-«-<J SjjLc. djji j^C 3jlj£. jO-lJijjiJI IjLjfcj i7CJjLlII (^^ 
Lflaj^Jfl I nil 5j_Alii CJJJl>- (JJtJj . d Q ( nl Jp Mil LlA (J-«J iM^J*_J1 ^jLLij-cujI 

3_ljj_SJI L fj^i.'i/I cjIj^>J,I ^^a cjVLv ijfULi ijJLuk i^^Jj 'j-^ ^-"j-?- c^ 
(__>iaju liJLui (3^-!j J dT" (*-9^"*^ Jl>- 2 j-ajJ,! jL^ajVI i^jm Jlj Loj . LLo 

.<±JH1I J.^tl ^ ii>-i-<-o L«£ iiiiiaJI f.\ olr L4JI L*ij ^^ll! oljj 1 nii"ll 
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LuiJI qo foJlc 




. 4lu\jt> <jLL.aA=>[liua fjtfk j^>-_5 u^£. J^KVI JSLJu Jjjj (j-u-c-JoU t^JSJI t-flj-mSJI : (26)JSLJj 



14$ 



J-itjjuJI v9^"9 U9^' 




(27)JSLi 
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I.LigJI (jjs pjlc 




(28)J£A 

^ »j-^-L!l SjUS J-^OJ |JJuo i^l (jJI L*jilj jJi-UJ (jJL^JI ^jSj^ Ur^ ('3 " (0 l£jt>^" 



•Ail 
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.CjIjjjco (_^ -1 laj ~ ^^till (jl_n_al mi'iSVI jjfc i(jjSiI 
i3jj^>J.I (jl i ii tVl <j^-C L*'jJ Lt-^' (\9^"^' l_£ D'j 

(3^jj 51 o i n 11 L_ij^j?E_« ^_a 3Jl>-1j 5j^>J, (_ 7 _<4j_ij 

ii <i Mill Laj .SJLtlJI t_jjj jf Milky Way ^r-Ltin 

->! t^'tl l.'t ^ ^'a j.'^r- .ijjJCO VI 2_l I no Mill 4X.JA^J,lj 

•r ^? u>±-^ '30 ^^Jlj^v (j_o q^SLIj (_gJJ1 j_j-jSL!I 

(j^ La jjLa-lj (jl i±xJJLj>JI cd-LflJI /oi^. c-l U" . ..Ij 
(_g JJI jLjjsJI (jJjSLII ?t j i ii ill /o^eislj i Lujjjco 2 J-^lj 

jjj-^-lj ijLu^LlI jLlJLIIj jLLIIj aj^=_lII 4Jj£j 
l*11j£ i ^ .^."Cl j u>*ljj *_23 (_ylll 4aLUuJI cjLc.Ij^JI 
ixuiLuiVl tij|jL».yi (jjSi^pJI SJjL^JI ^ujSLII jj^>JI 
.^l^MJI S L^JI lo^J 
cjIj^>J,I ( _ T jfc njjSU «Lu-uL-u2 1 cjI Jl>-^JI j>jLjfc (jl 

jLDIj aj^3=_cJI (j_o (J-jLa «— «^>o L^JLj i_2jj<3 (_yl!1 
ijj^-jijJljL^JI (j-o 4JjQj,l CjIj JJIj (J^jjjSJI jLaAJIj 
?-jL»-J . 3j<-^>- 4jJj^£j 4j i iMWLuLa CjVL^o I J 11 -»""' 
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i"i i ii j I CjIj^>J,Ij .(J1_j^Lj Sj^c I J ' " 4-iSlaJ I Uj_jliLLAJ 4jjJj » -iLu i •■' La 
jJlc *_Lu jJs (Clusters jj nit. ^^3 J^->i '-^Ij 'f '^v (^ ^1 tagju 2x.j^o 
l_LJj^?c_a I j I ^^jiIjj (_yi!t 2x.j-<jj>JU Lai .i_3 VI aj uu£ ^l^v I j^'a CjIj^J.1 

j ■"■■ c 2_uLjj (j-o (jjSJuj Local Group 2_<_L>JU 2x.j^j>JU r<u-ul L^-lLc J^lta.^ 
130 I &j Uaj 2 liiilinU S?j-U ^ 3_lUJ.I 3^3^j>J.I olj^o >^ls ' Ij ■ ^^ 

3j^>JU dJJjj i4_ujjia «l_u-u (_iJi 100 l_LJ^j*-a j Ua Lx-Lu i4_ujjI3 4_u-u <_iJi 

L_3jJaJ1 i _ 7 3 LJjj^?e_« jJjLSjj tcLuj-uD «Lu_u ^^^.ila ^e_b Lt£. Juljj <_ T J k_9 * Ljj^j?c_« 

. 4_lL>J, I 3^.jju>J, I Cj Ij^=-o (j-o jj>- 2 1 
Magellanic Clouds (j^L^-La LLjLsjji Lxjfc njLlJjl LuJI CjIjj>J,I i_i^J3?j 
2 > m ' 111 32 L&j-LaJs) ,_£j_lSL!Ij (2_uj_iia 2 ii u ' aJI 25 I &j La S) ijj* i^aJI 
. I o j~ I *t j ^jLilflj i "" U JJ* ua ^' jtij^dl (juLiij (sLuj-iIo 

Galaxies Classification (if jftl I Mmtfii 

x—iij (jA_<iJ «LJI J^j-J LoJiJt£. i^Lo^l (^1 n$j-p Sjlaa. lilLqll joJLc aJuD 
^1 CjIjj>JU I tLuxaj LijJl>- (3^-°' LusjIj ijulo i_xjj^3 (_y3 S^jLuJ,! Ajja-JI 

: I^KmiI ajin'ilLi £ljif 2j>Ij 

irrigular (SjjLia^Lill) 2_i-a-_il_ilfrVl cjIj^sJJ - 

Spiral (a_ujjl>J!) a^J^ill olj^J.1 - 

Elliptical 2 tv. ', 1 1 ^_j£ olj^J.1 - 

*/I8j i2_<_JjJ cj!j^>JLI £y» /.78 ^Jlj^ j! 2_i£LLL!l cjUL^V' Ja3j 

2x.jjjij (JILiJj cjIj^>J,I (j-o (j^j^LJI oAjfcj ^ ^UViaj^ ,U^a '/A 4j,-*AA/t\\ 

(J^>. iLajoiil AjjaJjl (j-° 2jjl i^j' (_pS (_y43 1 1 gJS •"■ l j H a I j i i "I J o**i i n't 
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slinjill plJSUIj jxcUl a-nJIjcmJI 

. tLuill ^1 I j S jj La ,_i I j ■ ..*'« ^^i^. 2 flla a 2 a-taj? 

jij-a (_y^ 4jlaV SIjj 2jLl«-> (_gjSj-o L-Aa CjI j L^JLj CjIj^>JL! aJJb j-J-<u3 
i3l^_LlLj ' la J "^ I I ^ysju2j\ Lat d '< i n a ^^o (j-a (j^Slij ^-Aj t^^^-aje-'JI ^-o^_5J1 
(JjSj ^_^_HJ 1 ^^jSJl jLulII (j_a «Ln_u£ ^3^ ' ^ ' ' selS cLiLiu ^3^-) (j-a (jjS_a ^£3 
(jj£ju 4_Uj|jJL>- pjil Cjtj^sJ,! (j-a pJ-JI lAjk Jj^lajj .jlj o~r 1 nU SjUJl>- Lajj>o 
(_ci iitcj (jl <—<--y_LQ «LlJ^! 3^*-a (_yJI UjJaJ La lilj . (j-ljjjSLJI j LJlI I J j LiJ I (j-a 
(j-a jl 2jjlj (j-a jjvVI (_pajLxllj sL^vlj^ [^juajLi (_Jj-i Lu2 i<_2ljje-iVI i— 11 1 n> 
i2 T L : J^i!l pji^l (_y3 (J-u-aLflJ 2jI ,_£jj (jl 1 OjJlJIc (Jj^eicuil (j-a (JjSLuj/J L^jia 



jLc. L$-j LJa-j-asj Si mi ill «GjJl>- «L9jjJI a^jcJI CjIj^JU aJJb (_y3 Jjjjij 

i_JLiu (j^LIj jjiJtA (JSLi «U (j-uJ cjIj^>J,I (j-a pj-^ll Ij^* o^ "j 1 ** J '("uLa 

.g- U . n U JSL^Jl Lgok 
. aI^JS^Ij «L2JL«-»JI L^-La i ' 1 1 '■ j a iL$-aL*i»-i (_y3 I aljiej Laj-aX CjIj^>JUj 

L^cjil j-^>«-i 1 ~ . j -a- t jjJj 4-lJjIII cjIjj>J,L9 ij^t^ (J^>- jjJj *> : ?- a cPj 
LijJij lil i2x.LtuJ! i_jjLa£. oLsol l _ 7 ^ jjJ^ lj^ji '-^l> : ?- L^JLwj < L^«-a LgAuj 

. L&iljJ 2_Li!ji!l I ^j''i I ■>>_'l ( . . se 1 n"t (j^J (_jJI Mill ' . c-La-SJI (j-a L^jJI 
pjjJI (j-a LuLu tJS ."ill (_y3 jj U~* CjIjj>J,I (jl lLLLoJI »l olr (j-aju ^j^J 
>Z>\j->1\ (jl <-.n->-J . (JIjj! jJlj Ttlkill cU<-olSj (j-Jjitl fj-^l (^1 ct^AjJj*^' 
(jLtJj (_y3 (Jjji-ij iS^V^JI 3jJ^ (_y3 a^jcJJI (j-a tllaL? 2x.jju^a ^^[c (_gji>J 
diSL* CjljLajjjl 1 la ■ "j jl *jjui (_y3 L^o^cj /- 1 ia 23 jl j uala< I «Qjuj <— il 1 i^ill 
.CjjJ,! (_j^>-J -i^Liil jtla ^jja-JI SLp. (_y3 «LLaL? 3jJJ (J5-aJ (_y^ 1 ( LijJjJjjji) 

lj_lLS-3 i^j^cjJI (jij 3^1_a Jj->-J f*^-"-} (jj I flOJU ^LaJLSJI (j^jSLLill (jlS 
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(jjJLalau Ijjlij i4 ^_; a j *1^>-l L$J ''^j"- I it-* a Lojjso 2_c,jLo!l si o i ntl ^^3 ojW 

(jl_i (Jj-2j 2j^_Laj (jj 2 '" «j tiuJi^JI dJIil!l i\ olr tc-u^sI ijj^dL>JI CjJSjJI (_y3j 
3_j!JlJI (_5-i^ .(^jSJI jLJLllj jL«-Jt (j-a tliSLfc i " 1 1 3 j La < La i "J (j-o J-Ijj c^*-^' 

i l_ajlj_2JLul aJlx. 3^=_l1j uiiLaj^j 3ji£. ^j^l 3_ujSL!l 5-iLa- . ntl ^ a j j Laj 

Imi'i I J Laj J ' . ' ' m~^j La i)Lcj i n*. .4_J_^_a i " 1 1 ualSj jjjj I j~j Al-s. jV IjJajj 
3~'J.*'' . A "'Ij.' 'O'".'.' 3 ' '" * .' Likjljj>.| l2*jIu joj ^^jI jJI ^J\t ^" . ..VI ( j_ a 

.^j^l r«^=-i-!l Q^Silj IjSL&j ...4_i^L>JI 

j-£l>a (>o >£l jl JjvIj J^s. (jiLiSjVI ^ Ijljj i<u!Lc 2.ali£ cjIj t^^p- 

i Lmj i ii-re-o LlljJ^ ' ; ' ' n"\l 4JL9 (jJjSHll jJJ (_y3 (ft^o ^j — 1 ALU LajJ^J . I gl-ujla- 

«La_LliS 3jlj^>JI oJlj* I mimj .4_uiL>JI SJsLta jJj^j «Gjlj^>- "^j-i f-"H>>_9 

4-U t~ OJ^ *J 'j-"^ 1 Ljj^aju it_iJij>JI 3^-° ^ == - 1 ^JJi-^JI CjIj jJI a >l uaj] 
(jL9 j<u (j-oj iCjjJiJ»JI 3j_uS j-o^l ^Ju ( _ T 3 »'j"itl CjIj jJJ (_gj|jjJI aLxjJV! 

.3Jji3 (JJ^J I j"IU" (jlII 2-3LtaJI 
i«L<iil^lll 4_l>-jL>JI 4jI aula (JJD cl^>o (jiLtS-iV! ^^3 («^=-'-II jlj «i"i»l (3^9 
ajLil Lol i^iiLS^iil /a^ciLla I i^aju I J JajtJ ^^3 i La » i a '"' «i . ilSj|» Cjljii Jji^J 
(jAg. 'LSjjSj SjLsjji (J^-^u (j^Lc 4_i£. «L>-jL>- J lag 3 (0^=-iJI (_,-3 ^.oJlJj joJ ( _ 7 jJI 

. 4_La (j^-t-« Juu 



La (_yJ-C I j'ljj i "^~ (_y3 (j^ »"i i n"t a^clII J^Lw (j^. «CLjJljJI 2^; Lalll (jl 
j_uLj (<uJiJ .^j^iI 4_uj£L!I SjLa^uJI (Ji-1.3 t^j i u-uaLLim (_JjiII ^jjLLi ^ o i uj 
i«Lj_ij^J! 4 < i'i^I J»^_'-2jj LaJul oJl^J L«-ij-4 j i n^iViLutXI ^Jjill oJui ■ La j La a. 
j j i nTj i3_j^vj_o 2 i •> A iJlili 2al LaJI 3_jJLc iJlil oj i n-v i_JLiJI /_£ /_& (Jl5l 
SJjL^JI I J~"* * i "J I J~ tQ (j " >> o" i n" (_5-4^ L*UjJj . r j i ia 1 1 icjj-u t_!jLo3 3^.jjj»j 

5j^jI i nil <LujSL!l 2< mi^/I ol oj . n-v ,j-o 3j_uSL!l jlj^.'i/l (jSLsHjj . SJjLa >l3j 3j^ 

4j i inULuLlI (_f^2JI i Laj La a» ( _ T 3 j_uQ!l (j-a-j-ils L>J I cl^^JI ^,' a ~." ' i^aaJI (_,-3 
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tliftjill plJSUIj jicUl a-nJIjcmJI 

(3-Jjji) J's i"i (_Jj_2J! ojLji Jlj»-Lj Li*_pe-I ia^clII (j-U La 3jLo ( _ T 3 3jj^-jJ,l 

/j I C 7r J I ill (_yl!! l«Ljj2l 4jJ jJI Cjl OJ I n -3- IT !jfjjjx2 OJiJU j<U <j-OJ 4jLuiC 

I fri£ i" AjvjjJ I J ikutj (j_o Sjj^£ OJ^J 'lS- 5 '^' Lt^ 3i5L& jIJl£.1_i CjI oj i n-v 

jj-« 3j_L*-A-£3 4_UiS_J LLD^JL?t_a t^j-L^JjJk-L^Jl 9"^ a^j?e_(J1 jJj^Sj (_t-^ (j^^ lS 1 -^' 
jLiAJ! <__>-a-*J jLil! (Jiitljj i ^LSj filial juL&[jjd\ (j-o 4 Laj ■ gj (_xj|jjlij A^glflJl 

,- i I , IU'i ^ Jjl jj L*JJi i J_<na-lJI 'La-jJ (»^ JLLlIIj Lu^oVIj Q^j^£L!I (JjO 
. AjjaJjl (j-lj La SjLa (j-« "^jW 4Jbi ( _ T ji C^*-"-!' 3L<iiJ ^'"4 
(j_o 4_Lj_«_a A 1"S lJlSjjj (_jJ-o i » laSJl (j-o LiiSLaJ «Qju Ji£.ljJ3 '^JJ ^j 
. LlIj I Ljj>o 4jL^iII f_j£ j j i *•»" 1 ijjiLiSLiVLi I JljJJ 4jL*jji •» j < aJ (jl (j-o jLiJI 

4-sQ£ jljjJi LoJlJ-c (jiLiSLiVI cjjJl>- jlSLou (j-laJI (jSLsJJ tJ-° o^ ^-*ijj 

dJL-ul_<ti (_,lr Sj-lLJS i3_ujL>JI (_£jJ3 I <j<a x j i aj <t»-jjj a^clII (j-u La 3jLo 

I jj'a j^jSLojj (jiLiSLJV! «Lut (^ cjLSj? ijJLufc cijl£ Lxjjj • I $ '^»; *_o SJuSLlI 

J '^"' (jl J-jJS-jJlj-o i Jj£ (jJ! I J -i j La *«■" ,jj9 1 5-1 La- i nil (Ji-I-J '"'^J ta Jazl 
J iii "v 51 mm ^jjl t_5^J-i (jl (j^-4-i f^-ilajelul IjLA J ' "J~j'j 5j i u 21 <l>-^_« ^Jl 



4jvjj Ijljj i^j^Ul Jl^-JI ^1 3_uiL>Jl 3^3 Jj-a3 Lojti^. «ul Lbcjlsjl j21 

3jLj}-!1 (jJIjj «Ql^ jlji^^a iL\jJL»- Qi^' f ^? 1 -^' (jr'l J^J-ILi Uj 5Ja-pJ 1 

SJsLL ^1 (jJj^I f«^tJil 3jjI JJI laliaJI Jj^ell S^tjlJ^ 3jlj^»JI 3^-jJ ^ 

3_L>-j_o j»l-*jy fO^-N c^>!l j '^« L*K 3±£L1! ciubjl L4K5 i^ajJI jj La3 
«CLuiL>- (JLjc^ Sjui ( _i j 1 nt 4_cS1xj Sj_uSLll 4inSJl jj jojaJJLs i^jIiLJI («^*-i-i! 
J!Lo (^ ^JuLJI (<s^=-iJl jl^^ia . Lu-i ..'> j^.^.a c^j ^^ oj^Llo jL>>Jl n_gji!l 
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aJ~Jb ' a Laa * ^_5 Jaj mi tl ( j_u_*2_i «-IaJLj Cj|^_a > i"i» t jno ilill «LG5i ^j-* .J-"' 
J LaJ Ju3 L-Laj C-J La3j 3 iq no i"i1l 4jji (j n n-»- «Qll£ (OJso Lai isQlajJI S^pAII 

.aLc ^j^jJ-a <Ul a nmv ^^l 

Red Giants j«aJI li'lllUnlt 

i_Ljj (_j^>- i«LL>-l.} ' La * • a 1 1 jujjlj (^LaSjVI ^^3 ^jIiLJI (O^till j o"i i aJ 
(_J£.LflJ IjiJJ Ll&j iSjjia «L>-jj Q^jla ' *' '"" Lr^'^^*" 4,U3>.|JJ| sGjIj^*- 'L^-JJ 
(j-° O^jU ^-i^-" °S-* CiSr^ L*JLla3 i(j\jvjj J-14JI jLc jjLtu Jl»-|) ajjj-uj jJI 
(jjj-i£Lll (j_a a^jj-ljjjJI 3j!i (jj^-lj ilia S'q Jl»-Ij (Jjjjjjj Jl>-Ij (jj^pSDI 

3_j_a^ lr ^_<iUJI *^-i-JI oij^i (j^ <_L»--i i^JJ! jLill (j>o-! La I jLa 

3jj j CjI oj i n-v <_)l SIl>-\ ( _^ IJljj (ji «Glj jj tjS^Q-i 4JL9 lAjj^-ujjJI (j-a 'Lj^LS 
SjLjj ^^Jl (<s-J (j-aj iSJsLlaJI (_pajLJ j^j->^i (_5-i^ (J^.LfljJI I Jui (Jji^eJJ <|_£_)j>.| 
(j-U^La Sj ■'■■'- (jJl^v ^1 J uaj (_^>- (^-<IiLlII jaja-ill 4_iL>-ljJI 3jIjj>JI 'L^-jJ 
(_L>-!j CjJLa_J L<0 LaLx-l 1 (jjJJ^-fjjJJ^^-J I (j£.LflJ IJjJ LuiJ . 4joia «L»-jj 
(j_a (Jj^fl J i^Atl ,_<3 Ll»-jjIi Lo) (_gj|jjJI (J^LflHl! dllj Cjjjjejj 1 1 i 1 n i"i 

jlj ^", , „VI ^_a Ij_j-jj 1 LLILi jt-jj^al aJa ^JoLJI (<s^=-iJI OJ^i (lt^^' mM' 

.4jLl>- •" la « a liaiJI IjUfc J-t£. (Jiajj '(_j ' ".j\>ll f-^LT^' Jaa» ^1 i_L!jjtijj 
^_3 3j_ic (_jJIj^v 1 ( INt j~ . ..I j<uj (_j^>- (_, j ' 'I'll jlj 2xi ">l I JLA j 0" 1 aJj 
(jl_i (Jj^JI (j-SL«_i Luij liJLJI (<s^=-iJI (Ji-ljiJ .i^vjU (j-L^-jjJo^JI (j^ 3jLI,I 
.^jlj^JI ^jjjJI r-LajJiVI (^ sLLLj^ ^ L>.jj- Uj^v I'lljj'iinl Jl3 jaJSilll 
j 0" 1 nj ' . claJI J_i£.-(_gjlj^>JI (_gj|jiJI (_J£.LiIl!l *lju-ajjJLjJI jLaj jcSl^jj L«_Luj 
,2alUH j. t ,^.« ^1^1-^1. ttl jLajJI ^jj^^ujjj itU^. «^aV »l uiC ^ aLscjIVI 
(j^alSjJI «LlLa£. sLui (_5-3j • Jjl^lll (j2l JJI d U » . '--. c^j>o (_jTu.o5L.ij 4JL9 (<sj (j-aj 
(__vC r-jJEJj 4juj^jSLII (jje 1 n ilj 1 1 JajtJ I J i^aju ^^ «GljIi i^J-i daj-Ja '"' itfjui 
«JSj ^1 ^LLlL j^jjj ^^Lv 4aLL> ^^LlaJl tiilj ^yl^. t_j_>jjj iLgjIjtj-a 
( _ t jJI ir-LajLjVI Cj^LcLaj 3^.jjj SjLjj u 7 i^ ^pjj I Juij " . lLSjI SjIj^v «L»-jj 

./«j%-(JIj ' La j -- 1 1 cLjiiJI ^^ /tuj 
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slinjill plJSUIj jxcUl a-nJIjcmJI 

(jJaLill «.aj3 2JsLL jj^t^la ijjiLiSLJVI ^ <_. L2JI Ijlu jl>JI |j_& jJic 

(j_o JljIjJLII pi » i'iVI j-j3L3 Cjjso JJlajJI (_jJI Laj-Ls-i ajj ijcjajU «Ll»-jL>JI 

iSjIj^. («^tJJI M>^ -^-O^ (jiLi^JVI I<jjjui (jlll 2JsLkJI jj^UaJLj iJi-laJI 

■^se-i^aJl ^ J 0" II 4j*-uj 4JL1 dDj (JjJ-*-' (l>^~-*i3 ■»■ U , ,,tl JjULLo -ij-JJ i"''-'^ 
» 1S1J (_ylll (0^-tiI 2_l>-jL>J| (jjlaLci,! (_y3 I '''."J iJ^LiU L ^-* (_j-^ CjJLs- (_£ j-ll 
JLjIjJi (j_o pj-"' *'-^vJ'^4 (j^ 3 ^' OJ^J* JJlX-i 2x.j-<-u (_gjijjj iSjLjIjJI 2J3LLaJI 
?t_j-coi 4J2 ^ -* La 1 " Sjlj^v <1>-j.3 (Jjsj (jl (_jjl (0^=-iJI i_ila j_^ 3jlj^>j| 'L>-j^ 

. (j-«j>J| «(JlJLxjl!I) I felc (j I "j 'f*^*-^! J->^ 
i _ 3 J! ^j^e— (Jl ■*■ la 1 ■■ 3jK_j*. 4_^-j^ ^j a -^ -»■ '" t^^j>Jl cLilluuLlI 41>^_« ^-^J 
'(j ' "AP^ W^-"^ uai. (_yi («^=-i-!l (j^ LoJ^- 4jlr C^jl£ ;_£ jJI 1 tLLtaill (j-o JJSl 
2J_j~j_o (^ J-Aj 4JL^ (_£ jJI 4xj*jv Jliol CjLIo (_jJ| 7-I A'.WI ^^3 f«^=-^' *"4i3 
sQtlS (_jjl (jjljjJ! JLl*j (jl j-s^-^l (j}^-"-*-" LaS!^ (JjUeJJ .(- 1 "j\pl f-JUill 

1 LLjj>-o I Jl>- ' . JJLlI Sjlj^- 'l-a-jj x_Lj3 j-o^I 2jL$j (_3-^j ' (j ■"- 1 Sjj 4_iia (jl l!^*- 

-(j-la-JljjL-L^JI y-LaJiJl 7^jIJ-ajjI(jII ^Laj (jl tixxa. ji. I (_gj|jj (_J£.Lfl3 tfjJx. IJljj 
(_£_^>-l 3j_a I.JjJ3j 7- j 1 aj idJLiLcuJI (_, 1 in'jjjl «_iLUJI dJLvj-a /^ I fliiej (_gJJI 

i4_L>.l ja 3.}^>-jJJ 3^m (_^ol^>. j-j-«3 (OjaJJI t_Aa (jiL^Sjl (jx. tcjjj I jjj 
j'>' (jjJI 3jUI dJJj (_gl iNeutral SJljLkII SjULi i-Sjjlj La 7- _■ ■ aj ^,111 

jljj.1 (j_a 2 1"^ (j^. Sj I j r (_J_SJI 3jl_a 7- _■ 1 ^"j 2jj jjl CjLlj^III J^ I Jj'a 

. I J L^u-I «_a 2j^5l^pJ,l 2_Jj'i/l 2jj jJI 
2jjlj^>JI 2jjjjJI /~»\t c I ^"tl J^Li. fa^till 1 - <l°> (_y3 2al Ull r-Lul j a' 1 njij 

g-jJoJ ■■■" Vj it-JiJ! (j^ilii't tLul 3^IU;1I 22LLJI ^1 2^L^VLi iSj-sl^JJ 

4_i_<i£_!l oJlj* «_o (J_oL«jJI (j-o (<s^=-iJI (_5-3 2^LLaJlj ^j laaJI «_ii3 (_yl!l *l ajJaJI 

J Si iii J (O-^til! i_JS 3jlj->- S^vj^ pLcjjl 2^c_ujJI (jjS-JJ 2al Ull jj^a Sj-uSLII 

.2jjj_o «L»-jJ (J^lLo (Julxj (_jJI^>- (_jJI J Laj Ji^ (JSL& 
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lJuJjj . Q^jjjlj q^jjSUIj tj*^*- 1 nSjala i^L2j^iiSI (_jjj>- 1 j_i^5 Li^. ^1 Vjj*ILa 
Aj_il(jll r-LoJjl j\j o"u ..I «_oj i LoLv 2< uil (j-a 2J3LU , -iM c I .V.tl ajjt J£ ( j£, 
i >iUI^.II ^iixajJI) j ^j^l jtl r-Lajjl ^ o i njij .^iSLS^iiSl SjIjjsJI 'L>-jJ f-<2>J 

3_j_uiiJLi CjUajadJ j <i" i nj ajjI^II rLaJJl 0^ ^LI^J ' (Helium Flash ^jjlflll 

(_jj|j^v r-LaJ-jVI 1 J-A j «i" i nj^ Lulji i ii t-jLcu^tJ Lai i/t>-Qi! (O^till j-qjA 
!_£ j-ll f<s-Jt-iJ! j <iC ^ 3Ja^J V! j^p-*3 V SjJ-aJI o j_& (jl VI <j»Lc <_iJf 
^ 0**< i n \ q] (jSLaj 2> *_l*3^J1 1 J_& ^ji La l_4-l Tc-L^I^Jl tj-aj *(j^ i i nil (j-O^LaJ j J_dJ 
(_p jj-ij L?'-*-" J^>J! (_yJJ 3jlj^>JI 'L>-jJ J uaj (jl Jl«j£ 'J o" ' "J V Li>- 3-<kJ 
. La z^jjui CjJlxj ^1 Jj 2 i2jjia «L>-jJ (j^jla 350 ^\y>- ij-ijtj 
(jJLlILij 4-oj*->. Ji-Lj i/a^e-iil^l-*-! jJI (_x-£^lll (^ jljS'n nVl <»J£- 1 ,'.' ' "<°i 
( _ r l\ p-x-i3\ (J-J-saJ (j! J^tJJ CUflieJj dJJi JjtJ (j — I Sjj j<u Ju^jVI ^^3 4jL*1, 
iJ-j-JS (_g!i (j_a fj-ui] Jj_»_a-> «G_Ll£ J 2 a ^^.S I Jjj ij_oj>JI S^JLxjlII 2JL-vj_a 
(jl^Ij . 2±£J! J-aij i^JJI ~l II 2j>-L^a 3-iLij (jJI ! J-& ^ i_ij-cu]l f-»-^JJ 

(jl (j-S— «JLI (j_° 'LJLa nj-\_*-a jl>. ^1 (<s^=-iJ! i_Aa ^^a ' " ' * *"j I *j!j^>JI 'L^-j-i 

•» J 1 taj «LLu>o Inmi ijujuus CjIjLjcjLiI (j-a 4j^IL«j La J^Li- J-J^I «Lt£ J-HjIj 

«Qto (j-a I Jl»- &j-±& ^I-j-oj C 1 ^?-^' iJl ^A^ *-*iJ J' ' 1} T ** " '- <JJ ? ,J J 1 Nova Lsjj 
Lsj_i jJjj-o (_, <i 1 uJj L(fcj-<-ulj Sjja-a jJlLa -^ . >»j« 1 Jl>-Ij Jjuk jLjtAjl (J^L>- 

. jLta. J*\ mi t I j a: aj " Lu>o ji Supernova 
^ Betelgeuse *ljjj>JI Jajj *u>o nJjSU! (^ j-oj>JI S-SJLojJI j^mi? ,j-aj 
i4-uj-^3 2 i 1 11 1 600 ^I^ej jJuSj 3.al . na [lc Jjljj (_gJJI lOrion jLj>JI ja-iju-u 

4JI . ^ a I" -» a Cjl^Ii (^ -iJ^J J-*J I jj 1 nt JjLi «lj^j>JI (i_xSLLa) Jajl ■" la 1 uj 
(ji LlUoj^ ^Jj 1 1 i 1 11 <i 1*1 j L^a (JlLa 3j-a 350 (jJ!^*- flj la 3 vLu (J5L& ja^o Li>- 

2 » 1 11" II i_j^IjSL!I J^ cjjJtjjJ i2-JL>JI (j .10 Mill «_»^3j^ (^ (jL? («^=-lII I aa 

. 4j 1 no i"il I 2x. JJiJ>J, I (J3^i L7-^ I 

4 i 1 11 (j^j^Li 5 Jl-«_i (j-aj ij_«-»-l I a\l ^ r- I JaJl •» j '^" 1 ■■■> jn<i i"ill Lai 
HJ-La-jjJj^ll ,j-a L&J^j dJI^" 1 n"t LaJ^Ji^. dilij i(2_u-u Q^jla i_aVT 2jjixi.) 
SLpJI (Jjt"i 1 n"i 1 11 Ll^^JI I J-A (_ T 3j i«lj^>JI Jajl («^*->- (_3-^ •" • ' aJ (jj I J !S Ij 
. L$Jj1^j>.J ^ no Mill »M (<t Sj-tfoJ ^laj ^1 t t£j£ 3-5^ 

j 0" 1 aJ (jl j>Jl^>- jji^ (JjL*j i4j>-^J-ji"i1I £li>.j-a (_i f*^ «'j-3 J ?^' L W1 o! 
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slinjill plJSUIj jxcUl a-nJIjcmJI 

C^jJI (jjl i_jjjJlj J-&J '«!-! ^ySLJI (Jjiill oJijJSj (JLk* - ! d la i ul &J SLpJI ( _ T 3 
.S4jLl>- SjL^J (j-o ujlL Lojii^. i^ljjjsJI lLijI (Jila (OJa-J CjJlxj i_gj-)l La 

SijL^JI 4_u JL>JI (Jji-ij («^=-tJI i_As (j — I 2jj ij_«j>JI 4Jl!L«-»JI «il>.j_a kXij Lojti^. 
(J^dLia . LLula I Jl>. («^=-lII i_Aa ^]j 3jlj^>JI 'La-jJ f-Lu LoJlJI^. jjj^j- lSJU- 1 

j i a * c ^^Jl '"'*" c\ aJLll (j-« 3juL»-a 4 1 1 ill i ii Jjlj (Jjjtij IjLjfcj '(*J.j i u if Laj 

. LoLxj («^*-i-!l ^ A ^i3 SJsLLaJI TrLlJ! <_<l2jjj <^-±^- < jjJlj>JI 

: L^vjjI/ (jS--*^ ij-<jj>JI 4-2JL<jjl1I <tl>.j_a 2_jL$j /y^ C^?-^' J>^J (Jr!- 1 * 3 ^ '- a ' 
i3Jal La II J («-*-i-II J^J- - i ' J ^ a ! (jr^- L)- 5 ^ C 1 ^? 1 ^" ij^"'- 5 lSJJ-J' (Jalditl (jL£ 

.jojaJJu (^^LiJI i_a^L«JI (J23 (_,i^. tLajiL! «L^lS AjvjJj L*jvLLo ^ j 2 jj <Jj-ptj 

j^j_o IJljJ .2 al La II 7!^-y i^JJI « -}jJ9jJ!» »l j"'l -}jj=-*j^ I JJt £ys /<ii.jJLij 



White Dwarfs tUbwJI fgl jriiil 

4_Lvj_o ( _ J _3 (Jji-jJI IJljJ-(J-> i I nil (j-U^T-° Lltolj 3I_L>- JjU-AJja_JI (_>AjtJ 

CjjjCiS (j-a-ul I 'hi L$J jLiJtJ JlSj iCjjJ.1 «-la-j i a jl »>•"-*■ VI joj t gL>-jj-j i"ill 

. f.\ ■ ^ j ; T I aIj^S^Lj <-2jjj L^lS 

(j^il^'ll -il-ij^a i3_ujL>JLi jjLIj JIjj La 4_Jaj j^^.'^l 3^L«-«J' Ll^j3 jl2J 

a>jSj-a ( _ T i lSJJ- 1 (J^l^3 CjjJjcj tt o i imI ji-^i cl^J (j-o (—a3jjj 4-lSLIj 4_j£ 
^Ljj j o " i ii a J S i"i -l I Ji£L& i(_^alSjJI Lailo 4_ujL>JI jj| j o" i nj Jji (j^Jj 
Jjiaj (_ylll 3_uiL>JI (2^U plj-i-a (_5-3 (_>-aie I"" L^K/oja-iJI 3Lp- 2 '^^ q\ .SSjL^J 
J L<aj Loj_i£.j iojjtx-1 (_y^- i_)-«Lc (_yjk (_yjJI 3jjj_J| S^SJI (j^-ij i d i^a-il2j u^- 
3_jjlj^>JI i^gj S II ^La ij_«j>JI 4_2JL<utJI 3-L-vj^ jju «GLp- S-jL^J ^1 f«^=-i-!l 

. 3-uiUJI x_a j-o'i/l 3jL^J (^ S^jjII j im-^j 
Ls_Lu it I JaAll (^ CjjL^a J^a£ 3jlj^>JLi .Ul A"^M t 2_aj^U| 2al Ull Lol 

jajaJJI l-Asi (jLa « ^j^jJI » «L^Lil jjjtxjj . 4jLijiu Sjll£ (^^ La^vLLo jojaJJI (jLS 
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2_J_L!I * • • ^"j imJjIj^JI cLaJLJaJI Sjjjjfcl «U3 ^"^l (__g jJI Jl>JI ^\ Jj_u 
. Lj^Jjj ^ 2 ua^kjut 4juLib j -» j i aj i _ j 1l>. ,<s-^i-iJI j^ilAui i4jj jLaJJ Vii nit Lljlui 

I MH I (H-V ill TCJ-Cal (jl JlJLJ mJJJ-I ilcLflJ (_£2 (JljC-O ijJLufc JlAJ joJ I Ji£L& J 

Jlj_i^3j ^ j ""I LoJ^JuC iejSj^a ( _ T 3 /icyiil L^-JJJ Cy-*-" 4JLl^HI! jj^sLutil i(_pajj| 
• flJ^LlJ, (jjjil '"'I to ae Ul j_La 4-J.>l_a ruiojLX (jjS«J (jL£ mJJJI (j^>. Jj JljL^J I 
, 2 al U II JljJjj l \ r c lJlSjjj fpa-uVI AJ-2JI 4JL»-j-a (_jJI joja_J! J Lai LoJlJuCJ 
JlJ^_lj 2 j I t~ (^ (0^=-i-II '^-riJ i<_aL£ (Ojjajj) ^Ir (_gjlbej JL*J *sJ 4JV til!!} 
. c I ' -t .-> 1 1 ( _ 7 b _L)_Lti j-lIZLi ilu-tijl cGJsLLs I J^a *_Cio tULllaJJ ill _jia 

SJsLLJ! J JLp-^j V <GLa 2JaLtaJI JjJjj Myk: Ij-iLa jju <1 (**-ill (j^ 1>^"J 

(ijjljj>JI 2 » m.^/I) *Ij^j>JI c^j>o 2 < Mil jJ^-L^! ^ j 0" 1 njj i2_jjjj,| cjLvjII 
pl < in VI (j^. (jA-ual j»j-ill ' ^^j'j lj_p-lj ijj^ I'fijtj (j^jiJLj L&ljj V ( _ 7 jJI 

.iZxjla Ji^j_uI p 1 n-». ^j?e_a 9c-L.Laja LaL^j -Sj-j-1J till]} J_u£ <Llol ■ ■■ ■ * ) 2j ■ ■■ *j 
Sirius (B) 2_oL<t_JI mJjjlJuJI jjfc nJjSLII ^^3 «LsLJuj£I *3 ^j^j;i a^£ Jj'j 
ijjLtjJI n§j « mi II fo^o jJ^jj '- <J -^J Canis Major j_l£V! t_-i Kll 2_j£j£ (j^a 
LLoJlJi-" ml lil tj-SLIj i3jj^>J,l (juJLi 4_<JI LijJiJ lil ^LttuJI i_yk Ijjjiia 
Binary (ji_».jj i}_o tj\-n^*li (j_o LjjSLa I a llaj iJJLLa (jl jj^j ' "'" t^-ij^ 1 nl'tl 
/ylc j-Aj 1 1 «LuL<ijJI (_gj » mi 1 1 jjt uL«J, jlJuVI joja-JLa . I ^.^<i (J^>- o'j_5^ 

<1JLj-3j mJj-i (jl ' ■ '» i^aJI (j-oj n— il j Mill <il>.j^ ^^3 mJ| ^ 1 "j\>-ll )«-JLnJI Jaj. 

JlJ>JI (_jJI mJj^ l I 4jjLljJI MjJ < Ml 1 1 (O^till SJ-cis (jV (1— ! "ijjLljJI MjJ< Mill) 

O^.. (*>^ Ci^Li. pi < Mil mJ| 4jj uaj /j La «j mJJJI 

^— I L * - l ^3 d 07-v (jl ^-ll i* 1 <: Lj-lLx-ll Mg ) * Mill *^_Ltf3 '"'J^ I tj_i_u X-^J-1J 

JLjI 1 nil (JjL^JI ■ La » 1 a 1 1 i-Sj^ii Cuieri3 i(JSLi J*v mi j ix^jjSLo 4jjLo (jVj Ijj 1 n't 

di Liji^pSLI V La . ji^>.j^ julL mj^UI mJj JJI t_xj^pJI (jl jb>o 'jj^.*' j»>^ lt 3 

3j jJI (_p i-.Ui ■>■ >lj i2j^L«JI I j"al U CjLjj" 1 n a £yi r-j^>JI (_,1^. '"' T'j' J^ 

^1 ^5till t-ila S^La J5 .-.U;,^M tilljjj i^| .^jjll AI3SVI oljj J^ plj^ 

SjLo (j_o (_^jlSHI j "i oj"i mil (jjj U5^i (*-• (3-°^ '(J^l 1*JJ J' 't—J^ Lj-"^*" 
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slinjill plJSUIj jxcUl a-nJIjcmJI 

i _ T J3 7r j i ^> I j t^_4j>J1 4_SJL4JlJ1 «LL>-^_c_i » j 4_jjLi_jj1 (J^ * i"ill f«^>o ^_a JuLl 

^^\i ,3£Lol jlSs .(jijjVl »j2ll SiSL^J! ^ali&JI ^ <>«£; j-uA\ <jl SSJSL^JI 

' g I '^ ul a1^j9 2l («^c->- (j-« j a Lai (Q^>- (_2-JJ (j"i qS f t J 1 * ) 4_uLi_jj1 m$j * Mill 

JaJLiiaJ! (_, 1 ' mJ-4jj!j->J1 2 al UtU S^^Lc 4J (j a.J-1 Ui ■>■ ^jLx-i 4 jjja (jV 
^yjJI J I -a- "1 II 3JLv (j-a ^-l^luTJI <Jlis.Lv jlsj Degeneracy Pressure I I Vttl 
1 'lil V (_yjkj iSjajuiu 43K 3JLv (^ S^UI (jjSi Loj-i^. to Li j^pSLM I • . ■^•^" 
djjjo (jJLlI S-LjL^JI 3_aLi£JI iiiJj t_^-uij .Ur« ( ^ > £J 3 4jjIj^JI 4^LkJI ^ 

.SjLJ] 

V i_! 4_j_iL«_lJI (_gj < i"i 1 1 (<s^>o Sjlj^v 'L>-j^ (_>l3LiJe-il (jLa I JL^J «Ljlj1l£j 
Vl_<12JI ■ la » 1 a ^V 4itSjJiLio.VI ^^Lc IjjLa Jljj La ^43 1 1 j_u£ 4-l3 ^jJj 
'.(j^loLc jLsol (j-a (^LjJ l,: Wi>-*^' JiVi'il JaJu^a SjJSj .3jIjj>JI (_,^Lc- J^"*^ 

jUJI (jii .cjLJji^SLI^U SJ^ujII ^Li^lj itL^JI *IJl!>U aJLjL^JI ^ali^LII 

<Aj^j*-J <_dj^e-I3 (, J 3 j<a-j (j-aj 1 1 J 'J, 1 CiLal i nil (j-a Ij-jjS jJL^I L^-aLjt^vl 

JLalll 3UJI ^ Lai .mJj^-^I cjIjJJLi I j «l . t U , ^V 5 -> r. •< , U ; , ^ II ^jUjj 
joj*^v - k « a JIUj (_ylll CjLJj^jSLIVIj i<L-uJi£La CjIj jdl (jLa Degenerated Gas 
(_i!LLii i". 1 n 1 \ a I JlSL^j ij_l«j-3 ,JjJlJu^5 ct^ «L2j-3^ilo cjI^S[£ j-'-p <Sjjj| 
^J| \ j . ^. j I ^ * ji I j u j . >• I SJjUt^ 4jI r'J^ ct4^ i*- 1 (j-°J 3 '_.' ^-iLsLjtA 

LsoLj (JjijJ 4JI jji i/oja-JI j^iaj tLui (jfl (JLajJI 1 La » 1 a I 4^L^JI cLaj^aj Ij 

'"• * ^-q1 1 a-LSLa ijLi-II olji 3^j^>- ^^Lc JlaIUj ^^lll 4jjIj^>JI 2alUtl ( ^ > c 

JaJLJajl jlji^j(<u (j-aj iSJlJuJ I j iU.M"j CjIjJJI 4ij^v Cjjljijl 3jIjj>JI 'L»-jJ 
3_j^^ L4J j-3>1j V i-^-teJ 3_<jjJlSLo oljjdLa JisejJI ttajula 3JU. ^ Lai 



'O^-. fO-^-" C3-^ -" La a j J (_gjl_«JI (_gjjJI i_j_iSjJLII (j! mJj-i IjiSi-Aj 
i3_Jjl_«JI I j* a I U CjLjj" 1 11 a (j_a r-j^J>JI ^ I r '"• 1 c,jl JL3 CjLjj^pSUVLa 
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0j_& (_p_a . I ^j"'^ (3^-^ jrP" (JJ-^ ^^J*' ^dj^' *~ i ' °- ' "~>^ I'm »J-£jj 3 J jJI 

^j-jj\ I J j 3 '"• La « '^ 'I <^^-*- i3j-jL»-a jl 3_jjiLj-2». SjiLo ^uml CjljjJI 
i L^&jj>. 3-Jjo. (j-o l_>J^k CjJu2j3 L^JI 4j>-j jj L^Jaju £yi <_jj_2JLi Cjuj^jSJVIj 
aJJLII uj& CjljjJI Ji? p'j-^ J ' a ""* ^ ^J • j'-*-" (J-^^ '^"^ **■>! oil JJJ roJj 
ijjai jl i_*_?j_? ^^Jlj^v ^^Jl /ao=_JI i _* ft 3j,Lo j£> i". i uj£3 dl! jjj i ( _^a ; uzl 
(j^jla ^l^o. «CLuiL>- Cjj.1 jjl ^LilLjj i «Ljj3 lii£ jj£> (^ I <>j U" ^ *sjjc-JI jLi-^J 
lj-SLlj i«LoLc cLi-ua-l Cjuj^jSjVI 3j£j_<-u (jiaAge '"' dllj CjJlxj LoJujCJ . 5^a 
4_cj_<_u Aji I Jl>- «Lu^JjJ! 4jjL«JI «Q^.j_tuj ijjjotjj-iijjo. j <Pvl-l j .>>» ■ (Jlaj 

. f.j iMI 
ipljjill SjLo^^S d i iHj-*.- ( _ > ii : u2l (»j-aJI (Ji-l-i (^-Cjuj^jSLIVI foli/LA (Jkjj 
-(j^k-jljjL.L^Jl (j£jJ *J3J_ijJ t4 ' ^ -^ Sc ' rt 4jCj_ijjJ uJjjjtjj (jl I ^j'^ /alljtjj ^cJ (j-^J 

<_iJljv i _i j i ""jj ' ?• ta i "ll ^1 (ji^j bil j»3-ii! Sj^SjJJ «UjSJI jj^-cjujjjij-JI 

Cj Liji^pSJ 2 1 eJJt ><ua-«-a »_l«j>«j (_jJ3 iCjuj^jSLI^U 4.AIJJJ. I uJjJJI Cjujjj^ 

(j_« J-Jj_a (j_« Q^ .! (0~^"^' f— i- 4 - 1 iS 1 -^' 3-^ O-^l pH**""' 'I uojLtiaj I (jj 

(j_o 4_oLo (J^SL<jJLj u_Ujj Q^ J. (0-^ (jr^- J^^d lS 1 -^' J-*J '.J" "I 
LoLx-i J 2j i ■■ a (JLallJI JaJLiIj (jl i_j_l>.j .4_ujL>JI ^pLi (_pL<iSLil (_gl 3^jlio 
JJa-L+a tGjIj^. .-, ,^ ^^- j| | j| ,^^ j jV| aJJsJI (jla 4jjIj^>JI ialiaJI ^ 
Black .}j_<-ui (»j-^ (_yll (Jj 3c " j in j_aal 3_jL$_> (_y3j i«L<jj^>- (j adjj I la ■-!" -> a 
aj^cJJI (_p (Jji (3^J •C SJ ?° ^-^f* J' pLuaaJI (j£ juaL>- /«i i ii-v Jj^=-a iDwarf 

.S»l i^iji ^l3^l (j-IJ L^jLj^*- 4jI-4J (^ J^^tlJ 
/sjslJJI 3±^C^Jl^ I jla ioIjjlIj V(>l«^ Jo. <d Jlx!!! lUii^i (jl dili i>L^ 
-iljlj '( jl'sji iiIjJlJLJu J-JaJ i-^JJj La >^j) <J "0 "Jl 5jJ^ jji^ I ,4 (j-a^ii^l 
^j a I 2 J )t_Laj (jl (J I ge "1 ! 1 JoJt tla ^^^ » JJ oj 1 "*** (j-*^ (J-^tH' ,^j ^^ J 2j 1 ■■ * ^jt 

I 3 t Jl^_l_u 1 I ' AJ "^ J Laaj L-aJJJ JJLU3 I Jl>- (^l (j"l <tS '( 1 ^$3 (CJ (2h*J t/CJ5E_Ll1 

AJ_ii 4-jLlo. /j-g-lj (jl JlJ^J (_gjJI (OJaJJLs .i±JliLll t_iLJI (_y3 £L>-jjIi aJj 1 11 

jj^s aj ^j_a jj al (jlS ^JJI a tjl\ j i (iljjLJLiu ^Ltjl i frlj-lj-i-u j-c-a 21 ^JlIjI j j^ •"■'' /j5J flJI (flJuul ( I ) 

■ 4 <\ i ill 4_Jl£. JUi^ i (*J tj- 3 ? Jlj*JI I Jut j-JI 
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frlinijll pljSUIg jjocUI 6jULoaJI 
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»l^gjuuJI v9^"9 U9^' 




(4_!^l_t^i_jj) ^-l^-lLLa! 3j_3e_a :(29)JS_jj 




■ 4jjaj-L>- oj^e-a : (30) t JS-Ju 
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frlinijll pljSUIg jjocUI 6JULoaJI 




4-»Jajja J-i^- &j^e-a '• ( 3 ' )u ■ " 




4_JjLc_JJ1 ^g J-<-tTaJ I 
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»l olr J-J^J (_J1j3 La 3j_l1o 'Lj-l^J SjjfcUi ijJLufc 

3 L^S (<s^=-iJ I j^" b La JlJc^. Cj Jlj>o ( _ 7 oJ I i LsjjjjjjjJ I 
/ajaJjLa .j-<jj>JI 3JL!Lxj<JI 3-L.j-o ^^3 (Ji-JJ o' OJ- 3 

i«l»j^o SjjLalLiI 4_ii«x. (_5-l^. (^J^2j 3JL>JI ojui lJ £ 

l^jLmJ «GjLjfo ( _ 3 -3 j J 3 i4-jjJ3 (_JJla jj . aj ' (jl LlI 
i_b dl! j£ iS-^Lls-jjJljL^JI (JjI iiill (j-o (j-U^LU i^J^Lo 
(j^_j^l_a jJlJS i Ju^vIj p **■ ' I LSj-ij—ij i ii II S«l_Lis! 

. /yu r\ Q "il l 

SjJi, 3_jj^JL!I «LiSlLall 5 j &l laJI a jut j o" . n" jjsj 
cjLaLLs jo^=_lII *-"ij 1 jj a j , ,U , ,,j",l I ^3 (j-icjj mi 

<J!L« ^iio mi (J^_lL« (j-* «L>oLu1 4j9lLij1 M^gl i uj 3jLl>- 

7C_U3 J ^^-S fO^TE_LJ I « J_U3 (_Jj-l J-2-3 I Jl^J J I I i I HO Ml 

L^JI 

3_lSLLs j^iljJi I ijajl diiaJ! »lolr Jaa-V JJSj 
(_ t j*J i LSjjJI L^jlc lanital i LSjjjjj-cuJI (j-o Sjufo (JJSl 
-jojaJjl S^Lo (j- O^r 1 «LUiAJI ^^3 i_3JLS3 CjIjLjejLiI 
U^j I Jl^J /aJ-^liJI J ir->nll ^^3 Lbtxbjij (3^-° L«^ 



165 



a ^]\;'i n CjljJLa (_5-J^. I J '^' i (_5-3 I Jui (<Cuj '4_uLi j-Je-g " CjVLsJI ■" La « a 

3JL>. (^ Lol i<i3jl_a <j_a j_l1SLII j SAj V LajJJ! jL^Jl 3JL>. ^ r&^JJIj 

» I i is a 1 1 (^ LaLx_i J}j_«-u 4JL9 LsjjjjjjjJ! 
SlSjjjjjjjiJIj LajjJI Cjjjcv um jji La3 
ji (J^laJuJ! 3Jj£ jJuS I ,4 4ib^cJiij lj>! (O^til! (jj <(_Lt3 ij-« Lbe-ilsji Jul! 
aI^^I 3Jl».j_a 4_!^i.j> (JiJ-k (j^- U3^ dP i^llaJI (_5-!J »j;^" (jLa i^LdJS^ii^l 
. lSjjj-ijj-u ji Lbjj jL^flJU 4jLl>- i, 3 '_' Ju3 (Jj i - I i^a-uJ I 
3jlj^>- 3^vjJ> (_y3 i JjJij>JI 3j>La 4_t£. jlIJj (<s^=-iJI <— JJ3 (^ (_£j|jjJI J** I all La 
/j I c 2 al La II (j_o dijui 4_l«£ I '"^y /?-Lijj 'Wi>^ ^iJ^-° "^J- 5 UUr!-'- 2000 
(ji JLj V LLjfcj .^^a-jLiJI f.\ JanJI oL>oLi ijojaJjl (j-° j-flJ '— '^JLHir!- 1 (J^"-"" 
(_2-J3 SjsLjj ^j^.l^"tl IJu^ £^£, ^IUjj t^Juia La ^lajJLjJ ^3e uaj I /CJ?e_u1 (j"i ftS '< 1 
La ^^JI-^vLia JC iSij-l /j<~ I A"jl ^3 «l3JlJl1£ i/ojajjl i .ft (^ 3jIjj>JI 3^vjj 
I jiSL&J iSJulJS «_uL-ul (_JJ-a (^ ^Ji^ ^■J- 5 U5r!-'- a <-3^T 3" i ii (_yJI 3jujI cJV 

.JjL&J (^r=-Lia J£-ij Pj^ji J£ jLjJj 
*Lb jlj o"n nl (jLa iSjjia 4_>.jj (j^ila 7000 SjIjjsJI 4_>-j j f-Lu LaJLt^j 
j-*^> Luu 1 j JljJlj>J1 j L^aug (J^s_uj3 . ^j <S * n (JjJlIJI ^Jl l_o_uL>J1 ^ya j-usljyu] 
U^YjusHal a> Jufc 4-uji£L»JI (Jjjjellll <LlL»C ?-Ai9 'fc}j'^> l£_JJ (jJj t£j^~* ' 3Xt2jj| 
I j U , ^ « SLslS 4-cuiJ Jl=ej AJ-i^itl (<s^ti!l jl tiilj . LjS^LLI £yl VjLi 3alUH 
i^LlUsLU gj iintl (>J>La J>Li- L*^Ja (^jJI 4lLkJI J^ S^UIjjjI 3JjL=e-a ^Jl 
Lal_c_i •*■ dj ' g tJ^Ji-i i _ T b tijJL^tJ (_£ jJLS t^jvLiaj J*- 1 ^- k^jju 1 JLA ^1^. t u^jjj 

.3jL>. 3JU * . i Sj 4-i cjJl>-1 

i3_l»-jL>JI 4jI uiC '"«! axlaJ 3j^>-jJ,l 3j_^>JI CjLa^LiJIj (J^Lalll j^lsLla (j? 

^£^a ^1 pLajiJVI «Lul i LuajU Lj^aJU )«_a (J\sr i nSjalj a^jLjJlj <j^>- Jj JljL^J I 
.3jLc>JI Ljjj^ JSLi aLai (<s^=-iJI (_y3 3 j 2 p 1 1 3jjjJJI 3al Utl j I U" -sj . js^c-JI 

i3jj^l_La 1054 a Lc ^'"jt-""^'''^ ■"■) ^"^ tj * a j 'j.'J ' " J 3 '" J*lj 

L_lC JjijJJ . ((jLtaj-cuJI (O-iJu-u) (<u-u! (jVI ukjul (_5i^- (jllajj 'J3^-I' /T>J (_3-3 

jL?e_flJ^l1 (jl ^-tA-l IJlAj i4l)jj^ «Lu_u ( 3 Jl I 4*1(11 (^l^eJ ^jLLdj-cujI /c_jJlj_u 

3 < ; , ii ^l^tJ dil j JjJS Cj JL*. Jj i I 054 aLc ^^JJ J-a^l 3SjS-v ^ *jj /«J 
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&_ug_p9ajjl pg^jJI 

jl jjj VI i3j_lHI <LuoSL!I Sj^UaJI oJL& 3jJj »U'...,'i -qJ LuSLI iaLc i_aVT 
i(3_ulill /_i jHo^Ij^ ' aJ? 300) 43jijj(Ji,l tQ^.j i uj (JjL^J! jL^flJVI ^.^us Jj^j 

(j_a Ljj-JS (j^ < j i n Cjj o"i i ill ifrLuaAll (^ 2-L»-j Jju <LI J *tl ^^3 ( _paj'i/l ^1 

j j J la ( _ 3 -3 i _* j i n"i"t L$_il i L9 jjjjojjJ I SjjkUa ( _ T 3 i_jjjjcj(JI « ( __ r jSiJI (JjlIj 
i±jjljj (_g JJI j-All ^yjLiiiJI /n mjJI dl! j iNeutron Star ^j^j-uJI ?«j*-<JI 
I^JsLjjJ lilLUI »l olr (j'-\* (jl (_j^>- icI^jjJI 4 -^ a 'J sLilalila SjojjIj CjLiajJj 

JjL>o hjj^LII ,_£ 3-j^i oLLjI^ (jc SjjL^s cjIjLJuVI oj.* <jjjL^ lil I <u: 

. Lb JL^uVI 

fjj] (A i a i"ill (JjLtlLa) (jj^3a-uJI lilSLdjJ (jl (jSLxj 4jjLl!I i_2jjJiJI /_i 

i_2j^_Lb c^^o (j-SL!j i(4 'it ."ill i_JLji) (jj^pSLIIj (4 i-»- .".ll i_*jvj^) (jjjj^j 
^ a LSj (jLa 1 La^jj-ij . nil 31».j-a ^^a t" 11 ?-^' i£>"" lt-^' SJjL^JI 3_uiL>JI (_£aJ3 

iCjIj JJI (j-u La t_!j-Sj (_g JJI i^ji 1 11 ill jJu-aJI (^ <LLi (<s^c->- (__r3 JjJUjJI SjLU 

(_g^Jj . L^jjLa jjja- 1 n" I "Lu^Jcv <tg.j 1 11 \ f«^=-tJI lift (_yJI 3JjL3.lt JjSLII pLajjIj 

L^J jJjjJ (OJ 1 L$J 3 Sjjo^I a JJJ^J L^jIjj (j^ t-J^lSj CjUj^pSJVI (jl ^1 I JUfc 
CjUaJJ^jJI a-a^J^LajJI L$J ?t_uJ iSljjJI l j H a [^\j^\ As^Jli *^Lc Aj^Ll^I SJslio 

.Sl^Iil SJ^SUI 
4 i -a- i"i (JjL»j ^^Jl (3lj_Ltl (js 1 n"t (_jj.II) cjujjjijjJI *_a ^Litlljl (__; jjjj 

^^Jl (JjjaJLj IjljJ_ij . Cj LJjj j|j_AI 4j^vjJ,I A it i'iII «_a i4jJLluJI Cjuj^jSLIVI 
(jjj-Ja_uJI sLJujI ^1 (_£jI (J^LjjJI ljui (jl (__;! .A i-a- i"ill SJjLila Cjuj^jo-O 
(_gj jJI i_j-^pJI (_,-! (_ T »-Lia (j^iii) ^l J^tlll I jui (^JJJ .(jJ^jSUVI slii *i-».lj 
J_«^o ^LiitjVI I jjjjj . ((JJJJ^JJ (jj^pSUI ,jj5 JjI ,jj5 (jaS^JJ (jl^ ti^p-) 
4i£ ua£La ^^jj^^jjJJI jajaJjl I mim IjiSL&j i^Iiil 3jLt,l (^lAtlSj (__rL^. «LujL>JI 
i4jj JJI CjLiljjill «Lili-lj CjLJoLiSoVI aJ-$l dja-uJSj .Cjuj^^iajj £yi Lj^jaj 
Cjl^_j_a a I jS 5) ■"■ c ^^yjl^v Oj la 3 ^-Lj (j' (_tj| (JjI^I f^*-^' f 5 -*-*" O a ^"' j 
(j_a i_jjiSHI j'loj'ii 1 nil (j_^j IjiSLiij idijLi 3jLa (__rl^. (_gjHjEJ Ijui )<-aj " la a a 
.^jId (j^_iLa 4_lLa iJ7 J]^>- iJr i^j3^juj\ ^aj?c_ijl 3jLa 
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r j JaJ I CjLJjjj-3 Cr-^*" * j la "' ' ""' V i^^jj^^jj-uJI (<s^=-i-!l «LuiL>- 3ju^_ij 
SjLc jJSLUS rj uaJI <Jl)Lj^jj-3 jl (j_o /c-C.jJLi-2_uiL>JI 2 i a j a ,j-o lIi^LsVI 

(_,_! J^^JjjiJ I («^=-lII J^*" tllljljba (_y3 CjLjjJjjill ^^-beJj IjiSLaj iCjMiVI (j-o 

lLs! lii i IL-j 3_LaLv SLp. jjlj ia^cJJI 3l_p- L$j ^ j" *" (_yill 3jjJu*JI oVL>JI 

i—i^jSJu u n 1 aj La Jj^jj I ' *"*„ liliaJ! »l olr J ?" «J j i£j\ 1 1 nil (j^j^U CjjCLol 
1 Ljjj (J-2jIj 1 1 uaXSJ ■" la c |j 1 l_g_-a--v JJslj 2_auS jjSI ^^ji (j^J' i^l JijjJI 

. 34-jSL<i (^a L»£ L^jLp- 3jjj tLul 2_ilL>JJ J^-ljJ,! ^ i^aijl! 

L«_S 3-La.J.I " J l". I njl , 2 i\t , ^.llj (_j2oj| SJUJlJo Cjlj jjl (_JjJ C)l 1J I i|->- (jl 

LoJ_i£.j .(Jjjs-I <Jl)Lc.lj^ I /j 1 1 n en 3-^1 r«-!aj (j-o U3^-" ^' J 1 ^} (J^ '(j-^- 1 ^ 
t 3_ujijJ| 3_uiUJIj JSL^JI iUt.^iH 2l*jSj iAaUlJ (JIUU alaJI jLj^JVI <±jJL*j 
4_ljj_c (_£_^>-I 3 j j i a ' SjUI j j t\*j . Lfcjjjj ^ aj aej 2_jjj_J| Cjlc.Ij^JI (Jl3 
*i ml Lg-tlc (j-LLaJ jl VI iIIIaJ Vj I j A.^.'i i_a-i£ (_£jJJ V i LlI 2_3^J|_o j_lc. 
. L4I0 ' " ■ La-j (j| » jU" . aj V ^JjL^JI <ij£.jjjij -j LaJI (Jlac^ i(«l Jj-cuJI i_!jJsiLll) 
ra^c-iJI «(Jj£ jLl^jI £yl ^j^j^jj ^>o ^J-y jl (j^-*^ 2_j^ t^ill «Lp.LJI (j-«J 
^j^ j^aiSj Lajti^. ^j^j^jjJI (a^tlll I mi'JJ 'J-i-^ (j 11 Mill dJji 3>^ lS 1 -^' 
(jl » jU" . .." Cjuj^pSj^ll (jl «L>-jjJ i3_j|_iil ^jJLca («^=->- (_y3 3ju,l ^LuiLsJI 
(j^_j Jl-jJ ill II i_ij I 2j 1 1 dllij 'p'j-2 I 1 J ' ' a Aj (jl OJ- 5 l^JIJJJ ** " ' ~^- " JJJ^ 
it_ijLSjJI I JUfc (JlLo (_i J Laft i Cjuj^pSLIVI (jl i£QjJl>- SjjJij ^ccisjjj .Cjljjdl 
"ta-jjij 1 1 Jl»- 3_jJLc. 3_Lula 2 La Sj Julc x j 1 aj I gjSUa jlj S-j^L^I ^LLs ^Ir 
(jjAJJ (_yJ-II CjLJj^JJj-ljJI 2_ij£_a iSljjJI (_i Cjujjj^jjJI j«_o (J^Lajj L^l»j>o 

.^^j^^-ujI /cj?e_u1 a La * rt 
J->^ tLH-" Obi- 5 ^^ (_^fl ^j^^jiJI (ftssjJI (jj^j (jl Jjjlam ,j*j 
200 ^l^*. i_Lj 4Jljjj JjJ>-o (jl tiiiaJI »l olr jS'nj'^ ijjfcj-o J*C 1S1 J "* ■••*'* 
(JjL^JI (jljjjJI (JjjL^j r ' i^aAJl /_^ ' " ■" alb jl jjj i3Jl>-I^JI «LuQJI ^^3 3j^ 
2_3LiSj|j i^^j^^jjjjJI jajaJju ilijpo (_ylll Sj?»U 4j 1 im^iLulI.1 CjVL>J,Ij 1 1 JLa 
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. ^^j^^-j-JI /cj?e_u1 (JS mi jJ-t^tlL) jl L_u£. t ■« L^aJI jj_« 

dJLLill f.\ n\c j i(jjJLll I JUfc (j-o CjI Ljju i nil JSIjlj Cji LlL nil jj>.ljf JlJlo 
J It" «j j . I j;j\,'"' jj i <aj 3JjLe-aj 14-uj^^jjjjJI ajjsJJI jIjjj/I i a uiS jjJjLej 
d j ge la ■ ■■ d 2 i la Li_A2ijI ' ^ j 2 i la (j_« cJ3^-* Ct" 1 JLM3t!-'-^ (**T ' tl)' »' oUII 
«Lj_lLLll £L2-j-LsJI Lai i(jJu«J,l Sj^Lca ( _ T 3 S^Lo ,j-a j^Sjj jLLol sJlC I J 2 T* 
J 3 '-^"j ' L*jjJ-a3 <jSL«-! 2 I j"al".s <l»-j JL3 CjI^ILo _>L^ 5 J^. I j^T" f-Lu (_jjJlj 
_j LiJ <_2j^_*-o (jjui-a (_gl (j- 2->^Lca Juil L^JLj 4ibJoJ| 4_iSLi]l CjL-uljjJI 

(Jj-ji-llj iSjjJJ 3-9-Se-LJ3 Sljj 4JLi i^^j^jj-uJI jajaJjl ^1 jjajj I (j£L«_ij 
Lai iSjiJJijiiJI 4_ojL>JI (JJtiij dJLuLtjj (^ji^jjjjJI (<s^=-i-!l (jl I ij'J,' J^p-J-II 

c^=_oJlJI jJs ^^-ij^j-ljJI f«^=— cJ! jl L«-S i3_jjijJJI 3jJi!L dJL-uL<4jIi3 SjJJI 
lillj (jl LiLLaJI f.\ olr ' "~'*JJ •■— '"JlP^t!- 1 C^»aJlj i4jujjjijj *_o «Guj^pSLII 
i flliej JLSj ^^jj^jjjj («^>o j-A i juaj-cuJI jojJlxj ■ La i ajjj (_g jJI CxflLiJI (C-5=-i-!l 

(jj '^H ^jS^ia ojutLi ^JJI jUtiJVI dlli i(L\^jjj^I) jLcsJI jUtiJVI <j£. 

.4jJ>Llo 1054 aLc: ^ f\ uaAll <j-o 3_3la_Ltl ojui ^ *LaJl2JI 
3_«JkUll Sjjj^IjJI tuli^ull iliJj .jii^l liiioJI »Ulr jujxj ^jJI ,j£LIj 



Pulsars **mUI{«$aJI 

j!_k_Lo 51 — jjj 1967 j»Lc ^ (cjIjI ,„! jll) Sj^jLJI *>=tiJI c^Li^l 

jj£LII ( _ T 3 <l>-LjtA (j^. SjLj^. jli ij-o2 1 4lilv ^^3 'J^J ^J • lS3^ iS3i^J 
dJJi J-«-J C^j-3lji3 <jj i(_5_^3J a I taj ' I J 4jjjj|j , - 1 1 , >. , i JLvujI ^& jj o" , M a 
ij_iiILo 4 ril'i-^J,! CjIjI i iiL.il (_>Aj-i (JjJ>-« jl C^a^isjl (_,jJI «L»J^-cuJI CjLal i'ImSVI 

(j-° j3 ^yJI^^-) (j-J-3^ CjL»_lJVIj j lr-1^ I (j 1J -V f^ Jli JJlJiII jl f«^>> 

«l_La (j-SL^J i^JJI Jlj»JI (_,_!! I i la " i " '"«! ''^ • i 'I Cj-jSj3 jl^ JlI! .(3_uli!l 
j^e_j 2 J -»■ " " Lfcjlj-a ^^3 I J ''Ijj ' «L(j| (jlaj'i/l djl£ I jl I -i C ijVjCL-uV! 
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jlSLo (jjiiii (_y3 i a .~..~.K\ jja ^^jiajLi j<sj>o (S-Al ijl^J • I 3'"* SjjLLla jl t(j ho ."ill 
ilajjj-ij 1 nil ^pLS (_5-2-u i_£JJI ^Uaj-cuJI j<ujuj< 1 La 1 "j (^ i^^jj^p^Lill («^*-i-!l 

CjJl^-j LLfls (j-oj .SJl^vIjJ! cLljOJI u& 3j_o 30 (JJlJ(_*j (_>ia_c_LJ jl£ (_gjJlj 
. Jl>-Ij *(_ T ji '13 '1 Tt-iiajlj i(__>iajL(JI (Sja-Jlj ^j^jjjjJI joja-tJI (j-u 4£^L«JI 

•» 1 ajj Lo£ i(_p3j2l (j}3^ l£j^L>'' J UaiX I I jUS'.La a Jajj 4_Lo j J 1 aaj kLuiAj 

:(36-J^i) (jja 

I K a ".(jii 1 nil i_£Jl#j i_£JJI jlill d 1 » aj Lu i3JL>JI aJJb 4 j mi'i jl (j£L«-ij 
«LaJLj j<s-J loLsoV! I Jlj* (j_o 4-1jJj (j-SL«j (j^-«-a oLjsol (J& f-\juli 4_Lo jJUa 

• Jj^l oL>oVI ^1 eJ>*"' *>° A^VJ ^-^JiJ o^-*^ ^-^ l£>*-' *4^ ct-'I pL*AII 

. 3.}jL*-a CjLSjI (_5-3j ** 1 Laj ' a 4cj_tuj iljiSL&j 
<Jj_)Li ij-a^l ^£.}u ( _ T 3 (_j-i j^3j-uJ I joja-JI (j-o '"" »>» wtl < - . U S" 1 1 LaJ_^,j 
ijj^.Lu^o jJl^ia (j-o 4_o.jL3 /-.I ,>■, wll ejjb jjSi (j! 4_ulSLo! (J^>- jj-iia iiJLi-& 

.^^j^j'i/l S^SLII jK 1 n) J I . ^",M t (jjSUI /_a 3JJaLc iJiiLu^ ,j-o 3JjLs-o Jj-^jj 

^ Ja-jl ' (»j^><-i SJS^j < " 1 n m ~iS t jl J-*j 1 1 gg£ ^IV'H joj Ju3 5j S. a 1 1 aJJb tj^-1 
(j_o 4-»-Jjl Jj^^-J (j' J J '*'"' '" ^ (j - *-^ • ^J^ 1 ?-^ ^ fl I" -^e-a (j^Lol (_3 lij^* - ' 

I I ilaju -1 3 1 a « J (j£, I Jl>- 3jiJ-»J (jiLol (jj '^ ' "J Oi 1 -^' «US jJ! CjLjjI£LJI (jjiLcvI 

aI 1 11 y\ (j-C I mi i") (jlj JU V '"«! ua-j I II (jb I'lliill »l olr (J-5jI I Ji£Laj 
(. I c (_gjJL>oj SjiJjLjiu S^Lii L^Jj djjl_a> 4^.j_ijiJ JJJJ i^Lt^a-dJl ( _ T 3 4 j < J j La 
/cj?e_u1 1 " ) I a-L^a I a rt (_^_A aJJbj t«L)LijJ ^_jjt_x-ia I g ^ *r a> j i4^LLaJ1 ^j.* 5> J^S <: ^-*i^ 
Cju JlJ jJL) (^j^p^jj ^>o ^j^ 1 * (jjLaj (jl 1 '^*^ 1 ■■ ul! j^p^-a-ij • LaLaj (^j^j^-uJl 
i3j>oL(JI CjL) jij jJL) jl , 2aj U,i ( 2^ a cLjJI 2al LaJI J Sjj (jl Jju i,jjjj^>J Sj-oTllu.U 
i_a-aj 1— LjLa-3 Lli^j JljLjlS . ^ilLa 5juia-La SiUtj L^JSjla Jjlj 3-JLJj iSjji (j^ 

^^lll (j '— • ' 1 1 CjIjj.3 t_!jLS3 ^ ilajl HI a^jcJJI (2>° L^iaLSjJI joj (^J' tllU jjjdlj 
(J!Lo (jl 4_j^ L*JLi V Lx^j ij^j^jjjj (<s^=-iJ L*liflJI i\ olr 4-ta 1 ul^J L^-il 1 ua> (<u 
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O a .' '-' ct j J>^-5t!-^' C 11 ?-^' i-r* 1 ^ lS^' " :aL& Jljj-u jL\j LL&j 
(j-o •" Laj ' 1 1 (jAxtJI Ijufc uxuJ Lij_ujuaj ^^3 i«QjJl>. 3-iSa^ ilj^Laj (Jj-23 
(_a^L«JI ^^Jl i La » JaJ I «L»-j_o Ala i uljj (J-S-ij ^j a J ' II ijLi i/yJj^J_JJJj| («^*-i-!l 
' La jj^j (_g jJlj i^jjjjjjjjJI jojaJju LLa-tacj (_£ JJI ! Jl»- i a-uSJlj (_<j^_2JI (_£^j>JI 

.JSL^I ^LoJaLLUt JUJLI J/uL <u.« 

l_)-4-»3 1 4-ua I Jda-Laj I «L>-j^ ^1 ^^>J\ i_2^L*JI ( _ T 3 1 La « 1 a 1 1 A^-J-a (Jjsejjj 

.3_JLl^ oL^u ^Jl cjLJj_p£LMI J^kuij ^yk: rjL>JI &1\ L^^lajLJl siLfif 
(^»II i— a>L«J1 J}L». L^LaoJl *L<jI jJjj 3£jj>JI 3-»j><-u i^LjjjjSLIVI ojut 

aj^jcJJI (j-C J ' ' a "' (j-^JI CjLiiajjJI jl Sjjj^IjJI «L>-jJ,I dJJj ijjjOU |_£jLl]| 
.(^jlaj'ill <jj>^ *'dJ J -*l>^' J-c^ljJll I J La Sj uj 1 4_u jjjjjj] I 
Cj|^p£ f_y£ i«L>-jJ,l »jj'^» Sjjj^Ij CjLvj^j CUxjj a Jajl III a^jcJI oJLA (jl 

.3Jl>-I^JI 4_ulJI (j-« i— ill (j^ *>>• (_3-^ 3jL>.l_jJI SjjjJI <uj JlSj i«Lu^i>- <icj_<jij 

(_^aaLij-(j^ i 1 nil (j-U^Lo JJij-Q «-a-LgJ^"n_;i » J-i 1 L^jlii S^SJu Lgj^ajj ^ j n"i 1 uJ 
1 a "■*■■ ' (jl » oLaj 1 " ' (jJ JljJl^j . SjL^ill ( _ T 3 ( _ T ji^Lij La (jLc.j-<-u (j a j * 1 I ( _ T 3 
aj^cJJI (j-° JLJJutJI 1 1— i3^ja_a (j^ jjl_i diiflJI si olr JlSjjuj . L&Ji^vj (j£, 
(j_« t j-S-a- T Lj (jJ ^c_3 tj-«J ' Q ^ .' l>^ '"' -^^ 3 ^j-A^Jl L^jLciol (_ 7 ^Jl 4 tlajLul 
. LjJJ! LLsj^s 41aLco iJJLlA clJIj La LgJI f<S-C.J i Lik^^vJ ^Ir jVjCL-uV! 
JLpJI j,~ '"■"<>< (j-o pJ-£ Qi^-" Ct^ *>tH^' 3-jSlidJ I j aljJaJI pJzJLi J, LlJ Ji^ 

Lblj LiSj ' . '.T^J L T L iJ^ L J-* * j0 <J^ (1^ ' fl '''■■' '^ «LUa-iII (j-°J '(j il*tl 
/ylqsjj (_5-^-2 i(_Jjj>.| Ojjj Laj Slj-rll Jijjij (LsjjjjjjoiJI) ^j -»■ A*. 1 1 ,3_5^ AjauJUs 
tz-ll&lIS if\ '^^'l ^^b (33- 4 - 1 iS^' C 5 -?-"' L>^ d>i^^ (jr^ l-*!-^- 1 ' d "^ * J i naaS 

LcJ cilcr-Lj dJJii ' Jl -*-J cj-* C 1 -^ <(jl 111 tVI (J-ljJcJLj LxjO ^IiS I u^l «LuJiSLa 3jLo 
CjLjvjJJ -^ I j" » j _■ U Ljr 3 i_dJ j_i 1 fljgiejj ,iL«_iLXLa» ^ ^ Laj * aj 'Lj>^ '".''■' 
j-ifcljJa <_!jk.l {_yi °il_i-iJ iCj^jJI (jVI (jL>- Jl2J .3_pJI AjjaJjl I j"' » j~ (_ylll 

.*bjjjJI i— ijS'itl ...3iL? 03^-" 
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1-igjuJI ujnjJIj Od^~" 




<j iii^ 



jjjjtjj^-tlll fC-Siill <j-a £-11^3 (33) 




J$fi-% ! 






i*# 
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&-ygj£<)aJjl fotjjajJI 




(jlisj-tjjjl ajJlj_u : (35) ( JSLju 
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J-itjjuJI v9^"9 U9^' 



(jJ JJJJJ-UJ 1 («-5=-<-J 



4j^jjIjJI ^ LJa i '' 




aJ Na^M^wvwJ v^ =; 



w La •" (jj-j-31 3jl_Lll 4_i_jij jjj-^-3 t4jlj_5_Li JlJ^jj j^Jj jj^jjJ I a-scJU 5_jjjjIjJI diLtia-LJjl :(36) L JSLjj 
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&-ygj£<)aJjl fotjjajJI 




J ' '^~J ''rHJ-^ 3 d <'" (j^W^ '^ 4JjL.u.<3-l LLC _L*_lJ j_HJI a (5 I 28 ,_yu 7" (j) d i'y a\ ill 3j->J. I ! (38) t JSLju 

, cL) 5-i 4j oj J I ) diLuajj M **- 
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(_5-4j I g£ i r» L-oJj (j-a jJljJ La fO-C.J HJ3SLI! (^ S-sLtl 

. 2ljft 3.jLaj^_u£plji (^c 3jLt£- 2_'N i^aJI 4-!L»- (j£ 

j-lTLS-J J-5-il L$-i3 pljjlll 3j jJI !_gj"i i n a (_ 7 i^. (_yl>-J 

• SjUI <j-a 

^J 4JI (jL&J3U dlli i_u^23 jjJs Jj-Sj (jl (^Lajj 

'— \J-~J iSj^LII («^*->- (_5-!| 3j J 3lj-i Cjjj£ (jl j^^ji 
(^iJI iirjlJ^pSLMtj Sljill yjj i^jlaLJi.! diljj L*jj 
t-j^alj SljjJI <>j 5^1 mil CjJKJ i L$£}Lat ^ jjjO 

^Jl^vI JlS^J . S Aj ^ e-cJl 0Jlj& Jl^-1 d)j_aj LajULc 
'tlr> " "i 'jV 3-aL*JI 4-^S-iJI 2jj La-llJ 3j_uJ,l CjLtJSjUJI 
iBlack Holes *!.jj-ui]l <_i^2iILi u o . nj La J^j-j ^^Lc 

^"i <aN *JQ ^Tj 1^ i" j cG^La jL^Jj ^J?c_u1 Cjj_c_) LaJaJLS 
(j^_)^La_i ^Ju-£3 2l 4_oj?e->. (j_a jjll&\ ■»■ i '^ a j^^l^pjj 
x_«J5cj3j 'j-^ (J-^ ^J-lLa (^ f lj-ill (jl (_£! .CjIjJ.1 
-ll-ijj 4-ujL>JI ,_£3^ Jjl5=j I j-tt>J il(jintl «_a S^UI 

lgl->.l j ol oj i n->Jl 43 L? *_L«j L^JI (_yl>- iSiSL* SjLjj 

^1 L&JI t-jjiao L$jl La^.r-jUJI ^1 i2j>LoJVI ^ 
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L-A^ se I t jJljxJj p. fljuaJ I Cju^j^jS i _ T Hj*-j t »-$-<-« * i^-iiJu ^)-4-> rt i o> 

«G_LlS (JS_i (-LILlA /. J ■ * t Jij-i-oi LlSj 7t_u-£Uj Cj^_4-i LajL^ ^j?e_ul (jl UL>. 
Tjjej V i Jjjj/^I j-J-i!l L^JLSj *I.}jj-u SJL^J d ' "■'" ua-pej 4JI L»£ liLjj/JiSjlil 
. A^iliJIj (JjSjjJI i_fj-<-u Jj^Lla 2 I Ly^ *C3-^" "^ '2jL« J I ^>>- Ji «3-^s i_£i 4-i-a 
. lJlSjjjj Jj^j-u^iI ^J-^Ii (jr^ J u &al I } ^4^ J^jj (j_ajJ1 Lt^"*" 

-3jji^ jjjji'i/l i . iTill (_jjJ (J3^J .tfLlnJIj ;>Li£jx. (_g JJI (_yl«J.! (j-°j-LI Jj>j f&la 

jj_a t_^l^£Ltlj a^=_l!I a I j" 1 1 (ji^-S-ujijJ I 3_oiL>Jlj (JjL^J! clajLuai! 3jx-lu 

-I 1 I <* 'W' J ?i j ^ T*-^*"^ 5 ' "^ '<" '^»*'l (_5-3 *ljij-cuJI j^jJill dJJj jjj (jl 

. Liiaji 3-o.jLJ3 S-b^la illljj 1 nl (j^-lj i< -1 1 n-*-3 j-usL>>JI (JjJS^JI (_y3 (j .nl niilAll 

1 (j aj icj Jjjj/'i/l 1 _i n~ 1 1 Jill jLa.'i/ j I j " ( _ 7 jJI SjULs n_i2c (_,lr L<-ulj -" flluljja 

. 41s 1 1 11 n . LgJa ^jlj Ln£ 
cjI ju2j>3 «l>-Ijj V jijjj/^I 1 _(?"ll djLjjola (J& t^a&jj (_g JJI ^^Su^-iiJI j<JL«JL3 

liLLaJI »l I r ^j a-j ' a j S! a JjljI Jij i n^/l 1 _.ii"ill 4jJj (2>SL4j V <lj| Lxj 

. LfcjliiT,^ 1 3 a j*'' j aljJaJI oJLjfc,^^!!^ iS-ujLjLLLLill jl 4jjjL>JI dllj£j ^jj 

«G_i_i jL^v (JLa_o j_ljLj /j I c si oUtl Jlaj-»J Jijj-ojI i . lS-JI 3JLv (_yfl i^aJlJ 
CjLSj (jl .i>jl^jc_i 4 < mi^iI j I mi'iiIj 4_La tUj^aJI 3jU,l i_l!jJj-u (_,i^.J iSiSL^JI 

I j I *■ 1 C (j im t 3_jj^c. 3j^fl_o 3JLv J_i i3_jjLo LjLsj 1". 1 .nl ijL^Ji,! f«^=-i-!l 

f0J>O (J^Jj i^jLill (j^SJI Ijuk (jjS *(_ 7 -^" (Jj Cj^_4-1 L4S tA^E-JI Cj^_4-1 f«JLJ 

(j^. i'l I ii II i\ olr j-iJUJ . aI^VIj J^LsJI (_g j liJbj «L>.j (j-^i3 (J^"'j J-*-^ 
(_yia-«-l (_jj| CjVjL«J,I oJui /o-AJuio^jj i4_iji3Uj CjV^Ijlaj iijIjJI (jjSDI AUij 

JJlI (JlLo l(jl_L>- il (J'-*.' (_5-3 LiJji^. I J I J Sxi V Jl^ C7-iJ' 'SjJjJll 03^-" jLh-"' 
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tl_>g_»jJI L-jgfijJI qc fr,t>_..Ho 

__ilj_>JUj AjjaJJI a !_*_-. | jj_i__3 (___> i4_u_.LjJ1 __i*y_.L*i,l sLdu_!l ajJ*-'* ii j _ 

1L4JJL0 I jj'a Jiim n"t ( _ 7 lll 3__.j 1 nllj L^j^icLij (Jj_.Jlxjj i4j^_>JU _1)L_.jji_>J,Ij 

i^Jjl 1 nil aIj^-2 I (j-O """J-*-* (J-^' ' '^■J'^J'""^' laJI »l oUII In n~-J Lo 

«_x_3__u _---1 3Jj_*__J 3_.U,lj iL$jjlj_v CjLvjJj L#£.Ij_Ij Lg-IK >"i T • aJuse^ 
. l<j ^ <j M (SJ L^Lp- J-"^ ((jrt-L__JI jrtJ^Lo) Jj^IaJI _£J_tl (__]_- /oj 1 L^li-ta ___) 

j j i " 1 1 tj-v-«- 'L^jLl>- _)*M-i. j*j^-"J --1 -*->-> _--J' i__"m--L2_JIj j__>ljl_JI (j-oj 

. *I_.j__j Uj-2j ji 4_ujj3j-<_ Laj_>o jl .- I 1 "-a-! Lolj\_M 7c • 1 taJ 

(jl J-J i _.j__ui <__<___> j I j-j-3 (__-_> ohLiLi *_4_s__J ~-IJ-*J f«^<-l (_)£ (J inl'"! (j_.l 
cLilLuijI 4jbv^_a /qj t iJr LMjijjj\ joLjUJI «lL-vj_« L^J^>0 C7~*~** l-^^J-* ^LLa a&'V-'A] 

(jl *iW*r 1 11 j V n_gjijJJI-(_gjlj^>JI i>j-«^. 3-jL^J ^jJI Jj-aj LajtJl^. fo^til! (jl 
4_«_l^j (j^-*-° ^ :v -0 J-^ 4*i rn CjjI£ lil ij^ia-ua I (»j-2JI Oj'j-* 5JL*. jLLj 
Chandrasekhar jKjjjiIjJlJLJo Jl>- 4_ilr (jJIai (*^ u- ^ ijl£Lu-u!jJiJLi ^oJUJI 
^J| ^j ^ I S"j jjf /ajaJjl * ; ua*' • "„' "^J -(j "1 i*iitl 3Jj£ jJJs I j4 » In j-Aj Limit 
<_Jjj (jJI (J^tjj (Jj ^ no ."ill dilo jJ^ 3 , 2 «Qts CjjjLso lil j^j^^jjjj («^>o 

n_gjijjJI-(_gjljj>JI ej-$^ 4ji>-zP (_3-!J J '^_* LoJ^. i(«ja-Lll j;'^ "j* L»£ (jil 

■ SjKji nljjLJLiiu Jl>- jjLjcjj 4ibSj 

• AajJI jl^jj diljj lA^ill A£ \ »_.U-.,.._. Vj i^LJJS^yii-ljJI Jai-LaJI (jj£j 
i/o^c_(JI '"•"■-'_' (J-jLa jL3c_fl.1l CjJlJ£J jLi^jVI *L(_I (___) 4JI _JL<i---l __tL__ij 

, ^L____]l (__ii 4I_L_b ^J-ULX-l (____UJ 

__)L_4-j___>. (j-a «G^Lo (j^S-ij ^1 t(__jj)j3^_j_ (C_>o (__jl jj^tlj 4_La _---! Loj 
3J^I__Ia 4 i a __i SjjSLo iCjujjjj-JI )«_o __)Uj| j p_J"*s I ^Lsol J_»J !_____} (jjnJjjjJ! 
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t\ 1^ , ,.lj t JJt^-Cu^ ij^IUl «l£.^_4J?e-a_i (jLLij_cujl /c_jJlj_u (^JS CjJL>- La Ijufcj 

jL^ij j! 343 (_yJliJI JLCo-V! Lai ,3j^>LLa 1054 aLc ^ .j<y.M^.tl ^yClnll 
Lajlj-cj ..3_jjjijJI 3_uiL>Jlj (JjL^JI ■ U » 1 ia 1 1 S^jjJ I *IU« IjLl^jI ijsjaJJI 

. Lfl-Ltaj <_o-i£ (_gj jj V 1 LlI 3J3^I La j^lL 
(. I c Cjj_a (j^. I Jlj* (JS ^j^"- i"j (jl Ja ^Ls iCjI t3e i"ill /- *" seJJ CjLcIjjUI 

-*Lliii2j1 AJJSO (j"\-> (j-* UOJJJjILo (Q^O mj-AJ-1 imo Ml JljLjJ ^ij . A^SeJjl m^j"( i n a 

(_y^ A^Slljj Cjj-cjj 4 La^j jL^Jj l_3jj_u jim Mill (jl Mj-i-aJ 1 J-A /J-Aj ttiJjj jj^. 

. Sjjj-oi ' ■ ■ dJ mj-I| iJ-5 :;e -^J ' 3 """" 
( Jj^e_j_j £jj L^_tSJj t4_u_u (j^_iLa L_3 2l I <3 i n q-*. JmJ Lo>- jno Mill Cjj_cI1 



uccu 



. jLSLjj-uIjJljLiIu Jl>- 

ijS i iilt 4J^1d J^a ^Jj '(j^ (J5rr-* < ^- J '- a L^'J^* ^"^ fc ^ 3 *' 9^' * t*SJLI j"'fljV' i nil 

. Cjljia _aJLp Sj 1S1C mj-I'^>- ^-LJ 1 jLl«J,I 

L\3j (J-2jIj 3ilii£ ji£l jjjjiVI t-JjilLa . jjjjj^I t_tilILi <_>uL2j V J jl* J£ 

.CjIj^ Cj^Lj mj-!'j^*-J Mj-iJ^JJ^LiU f«^=-i-!' (j- Lqja^v (J^lj lUaliLJaJl < La c |j 

m^ jJil 1 J L "jjl a ui JjL? mtJU^I mtjLj^^l" ^sJL«J1 cjUtj^ (jL? JlSj 

a\ 1 ii-val (_ji^- fa-!L«Jl 1 J & a 1 1" A I ' _ • 1 a '1 i^a ,;-! \j , ,,tl , ij^ ,11 £^g jj"Xtl ^ jA* 

. 2LJL*J1 lalXIl oli Sjj^i^II 4jj>SL!! 

I tjla ' a .^"' «_Lu mPJI'o "0 ''i'tl Lijii-i I j! LiJLi d ~^j laJ <-^Lj JL9j 

(jLa 1 1 j j DS (j-a (__>iiAJtj (jl (jjj I jU» Jaj LLajSj-^La ^Lp (_iJl 700 mj-!'^>- 

jj^a ' a-LaJ (j a 1 Sjj LaJiJl£.j 1 L^-La jj^LLajVl mj-2 >"l Sjjjij^s Jlj-"i i n 1 j"« "■ ? 
Jlj>J1 1 juij ijj^ 3 ^' (_,lr 1 j La (jlLaJj jjJ «jjiaJl (jLa (j-L»-a Jl»- mj-I' j"Q r^itl 
jJ-j-jSi j j LkJh j LaJa ' a-i^a^ 1 j j L: jjlUl mJ jJI 3J^L»J,Lj 4jJI Jjj^sjJI (jSlx-i 
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<L-uii!b jlLuSiJjI aJli jUa i U.s*\ i_j| mitcj LUJa lilj . Schwarzschild Radius 
Ljjls-^J • *!>»- jl^& 10x6 L^ib^ jl tix^p. iJjiLilII Jj^J. i^j^l t_cSjSL! 

L&jJa£ ' fl-La ' (jlSJ Jijj-uI <_Js3 (jJI j^jloj'ill LlJyso ^J-Jj-r" mil (^^j-ilu-MJI 
(—^Ij^LILs tjij i ni LjJjj I Jal -" j i <aj (jJ ( _ > l3j'^l "-^J^ O^J •j'ioj" ii ii , 89 

J LaJj t 4_mlj mi llj i a * » II (_^ ^i'-^- ^i> 'j^^'^JJ- 1 <^J^-C Li3 ( _ T 3 (_P-<4j3 ct-^' 
Jlj>o joJ I jLa i *j t~ -^j' ^ "^ 4j1j£ •" j"l"' a 4jcJa-i uj (<s^=-iJI j^J-° (_j-^ a Ji>«J 
jaja-cS jl ( _ > ia-oi (\)-SS La I a>j-}£ (j£ C 1 ^?-^' CjLoj aLIII jLl^jVI CjJl>- 4iSL3 La 

Jl^-) r-j^>JI j La 2 II i_a_ua-!l (j_o (JJsl («^=-iJI jji3 I fl-ia ' 9c j i taJ LoJiJt£.j 
(_£j-2JI plj-il *-J-<t»- (_jJ^- SjJojjjJL! (_yji 4_uiiL>JI i_£jJ3 7t J ■ a3 i( JlL "'jij' a ■"■ 



2 ,_)l3 (_jjj i_£j jj" 2 — jJljjIj j j La-Jo j Ia£ ( a La 1 (#J 
. (2LujL>JI SjuJj ^Jl-c JJlJcj t^jJI) 4_uIsL>JI CLuLj - r- C.t-L>- 

. (jj-a jJlj^ ' aJ] 300) 4jjIjJI tJT 3 s.j L^aJI 4jLj_._o = ^fa ^ 

30- I I- 

.jIa jL£ 3 (jJI>>. = I0x2x 10x6,7x2 
(810x3) 

^L^ < aJl 700 (_yJl^- 0^' I *j US * tmaj) j^j-a ^L^ 3 (_^l^- (j-u^-JJI j La5 1 axaj tuio] lis] 4JLa 

.diLaljj*. jJlj5L3Lj ^u^i-JaJI aJlS LLixjjj^ 4JjL*J,I aAJt> (_yfij 

£ 30 

. I^flxa 30 L^-aLalj t>-^' f*^J Li I ( 10x2) 
. (duLj a^j) 4jJIj /j»l>>- 10x6,7- (?■) S_c_l3 >-m^- 

. 2Lulj / J^iAJLu-uj 10x3 = (j^O L y J ) i*j^^ 
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Tt-J-J^si (jl J-»_l l(_£j|J_l (_LcLli3 (_£2 (JL^O t_LjL(ji JjU jsJj I LiJ^Jjj ^ £i^\l*« 

.^JLloIlII j-l£> LutU ^^a-Ui I i ti* 1 /cj?e_u1 
U& Sj-p-^/l Sjiajj I ^^jk .-I i-^-uJI aI^JS^I (jl (_y3 n*l mi (j-a UllLufc (j inlj 
jl JlJ>o i(_pa-Lj| j»j-S (_5-3 Jijl i n II i La * • a 1 1 i_2j^Ji> Cjjsoj . ( _ 7 -g.-^-'J I jjU".II 

(j_o ?-jijJ>JI ^Ir '"• t~j' ^ cjLJj^pSUVLa , m ta -»•"_« mj^UJI mJj JJI i_xj^iII 
L^jLJj^pSLII tiij^lal tixjjtj 3j JJI (_p i-,u« .>. ilj i4j^L«JI I j-.al u cjLjj" i mo 

j-J-»- (_3 sLlIj^I 4jjjJI Lgjl oj i ii-v CjJjLSjj Sjjdl f lj-3 (j a I *" >J iL^jIjj (j-o 

S_ai o 1 1 JljLJ /oJj i 3 j * ^-iH*" tj- Lh-^ ' " *"' v' '^J- 1 -' '' ^ ijw- 1 ^ 5 

. 3_pL»JI LgitLv ^ tliljjJI CxiLS LoJJ£: 'jl-i-!l '"'I'aj i<aj 
i'I o i ii t «LLui CjljLc (j-o f I Uf liJLui (JjSj Q^_. (0"^ OJ^"-* (Jt^J 
i_a^L«JI J^J-JJ i—J^JJI MjjLiJI jjUaJul I Jui (J-3^9 ijJ-a _>^£ 2_jLo (_j-II_^>- f-Lu 
. *SJ*_Lll i_xjS^3 (j-o-cis (_, 2 y 1, 1 (jj-^-jijJLLgJI (j-o (jjSUI L?, 4 ^' 
^jJj «LuiL>JI (jV IjJijj i(_pa-ul Lo^JS 7" .' ' a ±3 C 1 ^?-^' jM-y LoJiJlC (j^LIj 

^^ 3_LjL^JI 3_y jL>JI ^^a (jl jl>o t a jli^ll 3jUI ^le. jii|3 Li£ jUJI ^^Lc 

■ J a ■ "I ^^Jl mJ_j^>JI i_3^L«JI (_j-3 «GLjj_)^>.j j^i" ■— ''j- 5 ^-^ O^Th 1 ^' <*j"^ 
. jLloi 4j^\j (j£, CjVL>JI ipajLJ yi LgSLs-m JJ^J V 2 a-ila <_^ L<&Lil 2 U A I , U. 
' fl-tal i(jA-jJ2(l aJ_SJI (_JaJLj mJ JJI (j-iyre-'JI i_2^LiJI Ijufc Qi^i O' lA-* j w 3 
(J\ mi j j i -~> "t (j| Jl>.1 » ^1-^" i ■■ * JlJ i^^^j^^-l l5^-?^^ (— 3>iJtJl (j-a 5^_a Q^_u_a 
d_j| 3_^.jjJ i ^ j j < jLc, LaJlj 3JjL,j, 2JL>. ^^a ^j ,m| jj'a i3_3li^LII j>Jl^j jLc. 
. ( _ > ^3j'iil i_*Sai 3-5^ "-^ i— 2^Jl_o j-j^- ^1^ mi J^tJJ 
j_<^3LL«JI (j_o <i_LiJi,lj lj^>- 4Ll2jJI 5jj1 o i nil ^Ij^v^l ^^3 CjJl^ej La jl 

3j-uS LLdjjlx^ i mmM a! i n-*.^ 1 i>JL^J «Ll>-jL>ijI < " ) I 2 ■ La 1 1 (jj)5 (jl J-A -d L^"II 

LoLa ^LoLc Lij I i " r I (_i (_Li-JU (jl t_^=-J Luij .3_lL>.|jJ| L^IaLla ( _lc 
I Jl^>- JjLjcJLj (jl (j^_«j V ' La i JaJJ 3ju,l 2_ajLia (jl : CjJlj-ji n La jj-i^ 



L^ ' U 



<Lj uiJ i J II jl_«_i^LI 4_Ll*-o I JjJl»- » Laj (_LaL»JI ljuij ioJlaj jL^Jj (<u Lujla 

(_y3j i cLLuaAJLt I CjIj JJI (j^ j_u£ JJlC (j^ SJoSLo 3jU,l (jl /- mi t 2\ i_jjajj 
SjjJIj (j'" *.' (j-° Lgj^aju (jjS3 La t_!^l CjljjJI j>Juk (jj^ " .'- ua ^' 2JL>. 
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cl^jjuuJI L-jgfijJI qc ft,nsiin 

. L^lali^^ Ijjjij 2jl,^.tl jljXI u^c ilajj-LaJI i pi j i nl V t jjj iLj-iLc JaJLiiaJI 

liLa nJiilj JJI i_a^lii.Li ^jft i afciej iojjLxjj V I Jl»- 3_ojLiLa J£L! (ji j-^ 
SjoJ^JI Sjjdl olJ^pSJI cJi-l jG oj>JI I juk 3j JJ! ^^k: *JsljJI SruMl jjUo 

.(JjJu (Jjt>- 4J3^3 f-^J *Lcj 

cjIj JJI ((j iii^) (jLs i3_pL*-JI L&jjj-3 /»a -Luj^jSLWI cj Lc jj^^cjJl! -53^-j 3-«j 

*_o JlJ-3 (jj.3 t-dj^e-13 (_5-J-II ^-ij'-*-" LfJ-^' (j-° ^ ■!'"** 4_t£. I iVm i I J*** i u ji 

2_a_iiaJJ 3_LLaJ! jljll (_,!£. SjjLiJI -iljll (<u-ul .S.jjUtl V^. ^ (jllaJj 

. I J j i c aJsljJI Ja-j igaJI Jljj JLJ£. JjJl^J.1 jj£. jLiSiliVI ^1 (Jj-4J (^-"j 

(ji j-j-c. <jL*-M £y Lc^J ^JJI <Li!L_u 4Ja^a- mil SjUI jL^.1 (jSLx-i dJJjJj 

<j-C M ,^a-d\? j( f UI S^JUl oljUJI Lallan 4 , uij V jLiJI <j-o pjjJI I jbfc 

(ji U£ iSlLfliil 2_».jUI 3ili^il s^UI (j^s Wljj tLuiij-iU<i>ill 3_JL«JI ^cuLlJs 

<_*_l£jJJI (j-c lj-ji^ ' a ^""-.' 3-iLxll 3-jj^JLll 3JL>J| oji^j (_,l-^l J-ll i_xj^pJ! 
CjUu)^>JI jtcjljjjl (jj» S^^jca J!U3 V L^jliiili.ijjUJICjIjLiiJ^yixljJI 
(_ 3 _3 4_S^j>J1 4ju^_i_u 4jjJ I >l la ■"■ (j_a -n Iaj ' rt ^^- ^i) - * tl>J^ cH ' ^ ' ^ ^ ' ' 
i £J t tii—qj (ji I o a-4 )1 l_Lia_ii 1 1 a a* >! * (ji i ^'^-JJ * 1Jl>- j j L^jax (jj (<•> (JL?e_a 

Jjj. L^jIjL.ji^ ^ v^jLij^^^SLI^I 4^j^>J S^tjllJ jj* Sj-iUI 3-iii-aJI aLus-'^I 

dilj jJI (_p>-l^ «Loj_<-uj_U L^jIjI i ii a (j^. Cjuj^pSJVI j>JUfc J^po (j^5t£ 

3" J * ^ * .' ■-'"--' '('^^ tiJj^tjJ (jlSLa Jja-j (*J^£- <'ji ii t) 4J-LtaAlX I 
jLiJI) /ojj/I 4jlr (jilaj (^JJI jL«-II (j^i JjJlj>JI f-J-JI I JL& i.j in") ^ylll (_,-Aj 
jLUI Ja » i'" (jl (j-aj-^S j^j^jl ^ Ii ta-jVI f<JL«JI C^jjI JlSj ^^Jj^jSLIVI 

,jj5 j-i^l Jjijlaj <taliiSL!l j-o jIji^j-S-^^jSUI S^UI Ja » ■ '^ ^LliLij-^yJjijlSLIVI 
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l_«j>o (jj^l^j J-*J 'Or 1 / '^- 1 '-*^' L&J* <''"'< t 5 ^ *^l ' LAj^jjiIj L^-La L-i-iSijSm 

La-'t-LJ . (j o o i"il I «LG£ ( dJtj^a ^^ 1^>- cQLlS *-Luj Ja^£ 4_j_^o-l*3 4_u_u 8 , 7 Li£. 

(j_a *>>" D^ ' " **"*• Cy* 'O"^" v ) <: ^ J '- <i Tr' l£^? * '"ill) ^y^JLi^] (*j-^' C*-?-*" /*-^ J 

.jii^ Mill AJu£ *_a mjJI ' '"m jLSJl3 «QLlS Lai t(j u o Mill a ^ jw . 

2 1 1f (jj^j LloJa lij Llil (_yl»- i3ililSL!l jajLji (<_j) 3-uLijJI ^t Mill r&^oj 

(jjtflj (jjj lil Lai i Lalj^j. I 5 ^l^- L^jjj (jLCJ (j no ."ill S^Laj 3«jJjj_a i_jLSj 
.(jLiiai 10 ^l^v L^jjj ^-LJ ilj-A (_>ia-U^il (»j-i!l 3-iLa ,j_a jaj*j>JI 
j\j o"u nVI » jJau ■ "j V 4JL9 i(_pajj VI (»_}-2J' «LL-vj-a ^1 (S^cJjl (J-»-aJ (jl J-*JJ 
Jj^-jJI (^ ^J-uj . Jj^J ^yi^. LgjJ^eJ Jju *sJ «U^ dllij 2JsllaJI JLlIjj ^ 
j;"" J J 4JL3LI3 i J j a f-"^ 'J 0" 1 ill, I JiJ^_pJI (j-a «i!LlL}JJ SJj^Ja «LL-vj_a ^l 
(j\-j^Lj Cj_alj 4_LaL»- 3L^>- Jljlj Cjj^-ij iLuL^J -ij-JJ (<U r I i^aAJI ( _ T 3 JjJlJu 
Cj_aJJL»-l lit 'LojuXl 4Iuua r<SJ*-<JI Cjj^-l JuS iiilti (j-a (J n^»ll (_j^Lcj • (j^ ' ' "II 
../<s^a_L!l «lj^v| diSLflj < ~ < 1 1 < nj i«LuiL>JI u^u • " 1 1 La -» a 2jjij_<JI 43^LcLcj 
i J -jic (jjlLsjj LaLa-i (0^=-iJI 2jL#J (_5-<-»J l<: Wi>-*-" '^J^?-^- 1 ^'' ^jjj j'^li ojufcj 
/j **" (jJ i(_j^vjL>JI pLUa^JI ^^3 i-.5lu>l ( _ 7 jJI 3jU,l (jSLtj • (L^J-Lh 1 i- tu ^0 (*-"l 
(Ji-I J oJufc (jJL>JI SjLcl (ji : JjJl>- jJ^p ^J^?- ct^ .j ^ """' 1 JJJ" (Jj Jj'ii I ^jJI 
(_ylll S^UI tjl di!i i/- fljSHI I ifci J la 1 ; 2 jo it^/l (^ 2jLc 2_iI or i2_Lula 3j^=-° 
.A j I i<ial 3j^>J,l i_j_l^3 (j^iAj isLHjisJI ( _ T 3 L^J (J-ujJ LsjjjjjjjJI Lik^IUjj 
sLuj^j^jjJI 43jj^_u-a 2jL#J (_5-3j i(j^->-j|j J1-14JI (j-a Lo-L^e--^- (jl£ i—iLioJI jojaJjLa 
. «U_LfllJ 1 j-l£> LulI 1 M33-I {_y* Ajj Lc 1 i i n t M3^e_j ?z-y*2 1 
OjuiJ . «LLlSHJI jj^5LL«Ju ( _ 3 -a^JJ i_3 JLflJ 1 5j J= flj 1 I L9jJjJjjjJI A^jcia (jil 

(j-4 La jLtc.) 3j^>J,l (^ 2x.jjJ,l SjUI p^J (j-a Jjju 2 ^j'»li 2_ujSL!l *j &l t\tl 

aj^jcJJI ila-i-Lj I JlSLa . SjLjJj f'J-^? dh}>^^ ' JlJl ^ ' '" "^~'~ («-I CT-'J'j i(aj)-vitl 
oJlj* ("1 1 11 j Ij iS^JjLLa CjIj^ (j^J ** " P "*• " JsLxjI (_yi^. 1 r I uaAll ( _ T 3 L^J^La 
Ajja_JI ojui (ji (Jj-(_yj»-jL>JI r' Ca21\ (_jJI (a5=-iJI (j-a (_gl-oL>oVI SJljjvj 2£^j>JI 
jLJLII (j-a 2j^j>J,I 3jLI,l ' >i^i"~ (JJij i2j| JjJI (_y3 L^Jj^Sj Jjlj f_^>- ' S ) » flj 1 1 

(_,-3 /o^c_cJI (j_a Uj^>- (j>^-i O' (J-^ 3 a i *" ' " L-4 J '-^J 'fj 11 ?-^' U^ " Cr J i^-" 

.O-J^L-La CjLku»J 
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: L«-& ^LLuL^J ^LlILv 4_j£ J-J-4JJ nj-uiLsol i_gi (_pL& Ji-JJ ^ La < ul a j i3j-<ij 



JaiLa S^UI I ^*l~~ (_,!]! (jja-u al aJ-SJI 3JLv - 

(2yuSLLaJI -1 La « a (JL3 i LajjjjjjjJI jLstAjl ^LjjI CjJLxj La ra-^9 aJjJ Ij-LaJ 
LoJlJ-C (<s^a-iJ! j j t-"t 4 j t j j U «Ljc_uj 2>j_uJll 4_oj£jl 3j_ALLaJI oAjfc (Jj^jUju 

jl2jjuj . jlj_)j jl (jISLuj/IjJlJLJo Jl>-) (j no ."ill 4i"k (j-« I ,4 ^1 «£]"& Jj-aj 

j<u3=-i-ll (( t_j-La )) iajulall Lojii^. (^LjJ i La jjjjjjjJ I jLjcjLiI (jlj LJJLUI »l ulr 

4_j£ 3^liiSL!l J i <aj a (jiLiSLiVI ( _i 1 1 ni i(i>^£j_a jl) sij-^j-j ."ill dJL-vj-o ^^a j-*j 

. t-^ , ,," ^-^ I ^"11 3.}u^_l3 i(j ii o i"ill C-Jja S^LiS (JlLo 2>j-a (j^jlo ^l^*. ^1 
i(4_J_lLj j iJiC ^l^v) "JJ ' -""' O^-*- 1 "^ (j-'O C?^ ' , t-i-SJl jL^JjJ i(_JJlJ>JI (_£jJ3 

IJL&J . SjjJI Sl^j 4sL£ x_o I jj'a (jjL23 3^J-J-5 (_5-II J '^"' (_ji»- "ialiiSLlI .ll.ij3j 
Ii La ja . jji-VI jlo^jVI (JjJS djlr (jl£ Lx_« CjIjJ.1 (j-u^Lo i aj^I j^j-ll J-*^=J 

SjL^jJJ SjLII (jLa itdJj ,j_o j!&^ (^iLiSLJVI ^^Lc *^jJI 3^>° Sj^ j»JjJ 

(_a 4_jLc. da-jus- (J\ 1*1 /j I c 4_ojULaj < U"j" i(_ji.ljj| ^1 I ilia La. Js i"7i_) 
(j_o 5 al La II jj-=t^3 3-LaJal uJI S^Uil Sl».Uil 2 aJ-LaJI ojui £yij .5-i>< « ■— > T1 
4 l"S 1 3^j_<t« r-jL>JI (^1 I J Sjj La JiitUj 4-ya I jJa-i^a I 1 ^>-j-a J^-^J . i—JLill 

.(Jjuk (_gjL?tAjl • tLJutJ (0^=-iJI 

. L^jjLjiJ V (3^Jj ^j laaJl 4cjj-u (j-a t_!j-23 icj^uj r I i^aAll /_3 aal >aLaJ SjUl 
pj^_l,l jLa_fl_lVI I Jlj* ( _ t 3 /j fllj-lj i^ijU.Ul La JS ^jfc C 1 ^?-^' 3jLo ("i i njtj 
CjVL^a (jjS3 (jl_L>-'iil (j- J-i-" Lr^J 4_ujijI3 LiJLo CjVLjc^ iJJLl^S i ( _ 7 i.LLaJI 
5-iLa-i^JI /y^ 4JjLa 4 j i imV-iLlLo 4 rn<iL«S j o" i n~iq (<^=-iJI L^J i— £Jl2j 1 1 Jl>- 4jj^ 
ZjIloI j^cJuX I (SJa-JI [jL^La (_yi^. ^LjJj 3-iLajaJI ojui (Jl^JJ • aJJiATLlI 4jjL«JI 
diLj-jllju^l 4jljI/I (J!Lo <Jj 1 inl-iLtiLaj^S 4^lla puuil (-& j n'i n") LaS iSJj^Ia 

SLaj-ij— ij 1 11 II CjjJl^*- Jjlj 1 fl-uSJl jojajjl "< . ilaJ)) CjjLaj i^JJI Lo (3^-Ij 
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("s^-i) (JSLi (_t^- ij^3 <Jj»-JjI (_y3 j o"i i n_t "' . clflJI )) jjl_i dJLLill sLol^. ' 21aj 

/j 2 J SB J J CjljjJI (jjjLs.} jO^V^Luj i^JJjjJI CjLcljji!l jL$-CJ t!^L>- ((^J^JJJJ 

Cj I Lac i"i 1 1 Cjli CjLJj^jj_ljJI (_Jj-<-u /j 2 jj Vj i4_L>-jJk!j «UJLxJ! Cji 'it i"iI1 

(5-J1 111 tl cj! in- mi tl dil j) cjLJjjJLSLMI r-LojJl (jj« (ruj£j (^ill iSJjLoil 

. (j-UjL^JI 4_ujL>Jlj Jaj uaJI ( _* 1 1 11J («Li»-jJkl Cji 'it- i"it1 Cjli) Cj Ljjj jjjJ I J 

( _ 3 -3 SjjJI 3lj_i (_p>.lj Sjij^vjJ,! i«LjJj^I cj! oj 1 n-»Jl i_dJj /_a cjuj^^Lillj 

.i2iL>jjj^_JI *_o 4jjL«JI JI_j»-2?I 
ijiLUanJl (jj> SJikia^ jju-aj «bl < 1969 aLc ^ diiaJI »lolr .U^V jjsj 
icLujjIo 4_u-u 7000 ^^Jlj^e-i Lie Jl*-j3j ((jLtaj-cuJI |<uJlui) jsjj/I I gjlg (j 1 LaJ 
O-jl-l-lj L#j| •» Jajlj (JLjlaIj SjLulj ufcjj-ujjLS iSjtJuJI dJLlu 4jjj^Ij CjLiiajj 
AjJLiji jjlj i4-j m-tjol * » a Jj 2 a. ( _ 3 -3 dJjLji «Lcj_tuJ J 2j '"' Cjuj^jSLJI £>£. 

jLjoLlVI Jlj^jjIi (j| JlJLJ l LlI (_5-S-l (_£JJI * t\ '< 1 1 jjt (jVI oljj Lo (jUajJjJI 

^^-ij^jj-lj (<s^>o i4 i^a "■ » II 4_oj£L!l tllj'v i""ill ojui 1 _gfl (_j-3j -OiL^ 4 « 1 n"r i 
(^j^^jj (CJ>o (Jjl I Jufc (jL^j t(J_i^ 2l /qjseJjI jj-* (a 2 u La ^_A tjlS Lcjj ^j* tr> 
Cj3J->- (_5-jJI (lSjjjjjjjiJI) «Luj£jl 4jjLSJ| aJJb 4_Lo-<fcl jJljjj .4.3 1 mi"S1 j<uJ 
l_£J ^yJjSDI pLjufuVI (j-o '/. 10 (jJl^ja. LlI aJl2j L4JI ^^3 hjLLjjjJI r<uJ-iji ^^3 

. LoLv 3juS.I mjI <2_jJL*JI ^sLkJI 
SJLIL. ,(2 . 2 f„<- ,,iU) (jg.LluaJI >*2JI L$j ^La ^1 cjLJjjJI caJlSj 
*j_Lis 3Jl^»-j 370 4_j_l^j2I 3j-SDI ^^Jl (J-i-aj 1 q-JL_L_i «LJI (j^-j3 du> 4j» ital 

3Jl>-j 100 1 < 1 1 '» j a . tjLUj 1 nil /o-iju-u (j-a if-jjJ.1 jjII (_5-3 4jJLlII (^ ((jjj^fl) 
I gjlg j I Laj (_ T UI) 4J 1 11I 1 11 U 3|>ll S^ja-a jjja 3Jl>-j 35 a i(j no i"ill (j-o (jjjji 
jju23 SiLjtA LlC JiJLp (_yJ-Jlj i(^ J ' nja (JjLiio (oJLtJI r-^JLlS 1 _i 1 n-»- 3 I a j<u-ol 

dlujb (_ 7 ^Lc f«^-' j t~ '" 'j I jLI-JljSQJI =l>-j ^^i^-i—aj^jiJll j-±c- (j-a (Jl^ Xi 

(_JjJ 7CJvljJI Mjlj-II (jl ^pjlj- C7^^L><-' jW^ (j-O ji-l ^j-iLu L*JLu I LSjJJJJJj/ 

CjJljso (jjJI SjI j'tl JSLJo (^ ^Pji jJaLa J-oLc Jl»-jj 4JI jji idJIiill si olr 

I , 4 Mgj-a- mil foJ2>II (iiJjj SJjSLII L4JI i«Oj^3 3-2jj-U jj Jj>3 ^1 i^jJjj t«-*-iiI 
(jl (j^-4-1 5jj lalll 3_p-LiJI (j-<J3-. (jKj 1 nlj JlJI-Ju Jl»- (_gi) (j no Mill 3i^ jjiJ2 
ijLS-ujiIj jJLii Jl>. (j-a (Jjjl joja-iJI sLbs (jjjLs lil 1 Lsjjjjjjji jLjtAjl cjJlxj 
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cl^jjuuJI L-jgfijJI qc ft,nsiin 

(j'-t. f^j^ i(*aJil 3-ujUJ JSL4II pLijjVI (jla JljsJI I jui (jx. dj^lj I jl Lol 

4^j^j(J,l 4-2-<JL>JI (j-o jaijju i«CLuiLv (j-o Cj^LsVI ^J^. (_y^ ^j i^aJI Cjujjai 

. I JL>- I La-j ■ aj S^UI (^ (j^SLj Cj Lj jjjjLI I ^Ir <LoiL>JI 3jJ3 J-fJL3 (jl 

1 U ^ a j . tG-SLi. 4_LjLajji 5-2-1 ka L^jljj.} (^.3 j 0" 1 ujj ijojaJjl (J^>- CjIjIj^o 
'(' ' L "'jj * '"' iJl=v ) Lt^- 5 ^?^' J UMI t U ,^t ijsjsJJI jUa 1 % ,^.1 i_Lu LaJLi^. 
Cj^LsVI (j "-•» La 1 " tl ( _ 3 _Lc L >j t~ (jiLaJj (Jij|-<Luj ilajl Cj LJoJoji] I (jSLxjJ 

(ji Jjlj (2A-Ij •(_j- J >^' 03^' tlv^- p 1 " 1 "'"^ (j' "-^ L7"**" ^ ^J^J 5-1 La- 1 nS (_, S ft 3 
(j_o (_Jj^>.| CjLJaJo-3 3_j| (J^LoTlJ V i^^-ijLa-lJI j I3J2JI 1 a-i^aj (<sja-L!l jLixj 
jLi^Jl (j-a ^jJLjij La Ljj>o (jL) nillnJI »l olr (j-u Jijl 1 nil \l S"<- Vlj .Cj^LbVI 
jLi^jVI (jV 1 1 Jl>- /j SJaJLa-! ) al aa-JI «u^_i3 3j^_ksj 0Jjj3 (_£Jjl-(_pL& ^^jjLso 
(j-uljJLlI Jl>.| jjfc (i_jJL>JI j£j-Q oLsol ( _ T 3 Jajicuil 3^m (Jj-o (_g() (^iLjEjJI 
.Q^SLII «US!_uL^-La ( _ T 3 '_>f^ 'jj- 5 ' . ' * L'J ^jjduiLijiVI 4_uu^-ui!l 
I ,4 (j-o^ilSLi (j no ."ill «Lti (j-C- J^>* ' (_>-^i2lX I («^>=-i-!l I Aj* «LLo (ji LiLtaj 

. Jijj-uI ' . 1 Sua ..4jLl>- SjL^J (_tJJ (*^=-<-II (Jj- 1 * 3 ^ (JL<CL>-I ' - II ' J a '*j-a 

Event Horizon fadAaJI Jjgril 

IjJlJ J Iqj 1 " 4JI jJljjj iL*liflJI ^Lal^. j-J^tJ tl Jo-cuJI <_ijjjiUI jJLl (Jlj La 

^^j_u^/1 t (_2lJ1 (j| . (jjSJI jl^j-ui ^0^' ^4^ * * ^La^LoJI CjIj i i nil (j-* (Jj^ala JJju 

(_ 3 _3 4_lSJ_(lJ1 j (fela la II * )j_cl ^j-* ^-p-*- 1 ' r '^^^ (_^ (3-*-*-* ^Sy q ' " uj-&'*> 

i3j-l^UI 31lLiII cjIjIxJI J>U- VI SjjiU SjjtIiaJI <>Jui ( _ > ii3Lu/<sJj.<tK(jjSL!l 

(jiLSiil 3jul <LlSLia]| CjLcj-cisjJkl ^^i^l (j-a jalaLsJI cl^^JI ^J°i C^X-u^i I I j !S la 

.diiill frlglf £fu 

/oJLc I j j Lj-'-J ^-^ l)^ tg-l J>_g '"II ' .'j ""• II 5^£La (ji j^'i/l «L<L<JL». (_y3j 
jjllcl JlIs . 1798 aLc (_y3 Pierre Laplace (j^^LiV jjjj ih'ij-cJI vIjLj-l^Ij^JI 
(j-se 1 11V 4_j_ijL>JI Sj^Iaj aI Jiir'n uLjj i<l2-i3jJI CjLjj^>JI (j-o ^Lxjj' ^j i^JJl 

7c-jj-a_u-u dJLa 1 LLl«-o Ijl>- «QtlSj «Q£LiS (j-o i_b p 1 n-v Jl>-j lil «GLi (JLa (j3^-u 

(-_3^ilL>.1 /qji^_)j . <Lada-m (j_a Cj^Ls J(l (j_a r j.'^W ^jl>~ (jSLali-i (j-lj i cr J J ? _a ^H^' 
(ji VI General Relativity (j^ " 1^1 mV 4aL«JI ^ujjijJI 3jjJqJ (jx. jj^^IjV «IjT 
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J «L»-Lt^o iJ>jj_o2l ' . i aj II jl_i dALi!! »l oUI 7=-<^3J JuLlj ■ 4^J I uu a /tjQi!l 
l_5l jl (_£>i-l 3-jLo (_gi jl ijjiaJI (j^Lojj V tf^pcJ L^-j^ S^UI lIijL^JI »l i^iiill 
/<s^j>JI J^ J * i"i~ V jljJU aj-tb (^SLIj • I <j"i i a j 3 (j-o J'j-^tj (jl diLj-jll (j^ 
Oj I j '» 1 1 jlj oil <LujLxjJI SjJjJI (jl tciIsIjj'I (j-o 4l/<Jj . Jijj-u'i/l i_iL2UI (Ji-I J 

J^i.b <Luj^=-iJ! 3^UI cJio ULLj i jjjji'i/l <_Jjill »l mi'iI ^1 cj.il ^yll! <_,.& 
■ I" I AlU^ j"j" 6-^ '(jj-mVI <_JJl!l <LaLv (_gi) Event Horizon CjjlsJI Jj^l 

.SjajduVI i J£u\ («^>- (j^ (t&st l a (_£JJ1 La (jjl . Jsjj_u2l t JjUJI («^>- 

(jjyjj iCjJi^JI (jjJ3l (Ji-l-3 3jLt,l «LlO (_5^- J 1 ^^-*^ -iJJ-u^l ' . JLJl (<s^>- (jl 
Jiitll ^Ir ' . ■» LaJI (j^a 4JI i_2jll»j Luij . .jljll tiJJj <dJLijj (_g jJI /<sjaj>JI ^Ir 
I nlr ij-o^l I JLA 4 Mi^L-La ( _ T 3 ) o" i a I ( _ 7 SL!j . 4-H-<JL>JI ojui J J 2jJ jl (_gj Lug] I 
' . c-S-dl (Ji-I J (^1 4-lo--^-'JI 3.}LU (3^J^ 'LjJLax. Cjj o"c i ill liil : I i . .. Ail jLmj jl 
) UAtl i U,^, i ( -^c Jjjj (_j^>- ' . ' ""' II 4j3s (^Jj-a-i (_£ jJI CjJSjJI (_j3Lj (jJI i Jajji^l 
(_j-J-o (j^J <3-iL*ll LulLa-La JJ-JJ (JljjJI Ijui i(, UjI umj! fl ui J^>-) (j-iiLajJI 

.^IjjjJI <_jjjji!l (jjj jljLuiJI (jjiLu^l jj* j u '< 1 1 jLs 

. jjSJL) (C-oj i _}j_*_u 2 1 i ciiill ^ * j i la {j£. j^kl dlt ^ tt- J l i _ T b Sj Lali i ■■ i jl (j^J 

j_& CjJl^JI (jjJ3l j] .CjJL>JI (jjJ2l '• J>jj-u2l ' . .A",ll 4 |^>.| Jjj JjLalb ^j A ', , ,, 
Vj (_yl>- JL>JI Ijtjk (j£, TTJ^eJ (jl «(_j-"' lS^i (jS-«-i Xi ' -ijJ-u^l ' ■ l5_l!| JjJL>. 
jl (_yl^.l (_yJ| i-ilj^EJJ (jl f-j-i^aj* I (j nt j I (jSLojJJ CjJoJI (3^1 £"jL>- Lol if.jjual\ 

iCjJlj>JI (_^l (j£. I J4JV -"J '^*^ jJ^-a^ jLs I oKj . .ijj-u^l ' . l5_J| (Ji-I^ (_jJI 

Lai . Jjjji'i/I i _i S" 1 1 j 1<* (_yJI t_il JooVI (»J^- (_5-3 «GLijj^3 3j-aji ^-^'j L«i^ 
/. I r I ^^Jl liJj^cJLj (jj j j a 1 1 ^^j"^ i " »j-JaJI CjLtaJl jLa CjJj>JI (jj^l JlJc^. 
. Jajji^l ' . l5_J| 3^>° o-'l ' " .' J.' jl i«LUiAJI ^l I JUju 
/j I c -•!■>■« 4 ijiii n) (_g^Lo f«i i n-»J 4 j i nilLi (^jLtuJI (_k3jj,l I 'jj i oj jJj 

^ MA i ii (jl L*Ui jj "*~ i_p (j^ I J^-^j Wi^ (jj > ^ < " j-o^l (jLs i((JLiil (J j j i ii 

L^aL^jJI (^J^ (JLilbvl jlJ3 /CJ (j-«J ' r*J '^ II <; Lcj-i-u I (j"'^J ' u ^-Lp (j-I g ' L^AJI 

A J », I j j i^JJI JLtl^-VI ,j_o Ij^lj^ Jsl UIaJ3 jji < JjjjiVl t_t2l!l 2 I Ijj 

^"j-^j i_a^Li>-l I i^ajljj uaxlla .CjJLsJI (_^l (j-o 4J3i i nil CjjLS I i J a i«jjiaJI 
jj>.|j 1 1 Jl>- SJljju «L^Ltu^ (j^ ,jjj_u 2 1 i (JiUJl i lS|j_j 1 o i^i Jl>- I t(ji L^ie ■"■ jjiaj 

LiJ^C. LLui ' La a. N J ,jj j.p.'i/l I ,j-<fcj . j^jJ.1 JJ=J LiSJila tdi-l^ iJi ' La A . ..j 
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4_jl_i J j •>" i ii II u^\jSl£z\ «_o) CjJlj>JI (_^l IjLoco ■ La j gj J-Aj i«U CjJl^ej 
g. q uaJ I «Lc^_<_u (jjjLjJL) ^j^ 1- "*- .".11 Ijufc ^L9 jJj . ((_£jj?ej U, Li^Ij Ll>- ( JIi_u_u 
<j-a *i:j-ll-> i(3-uliJI ^^p^^L^LJiJl 300) jLUll^ oJi^v^J CjJ^JI ,3^1 JJ£. 
Lrslj Lbu c j i a 1 1 ^^-u-u JLulj (j-o .Jjj-ujl i . JLul <_jJ9|^j (_£JJI (_>^aie lujI (jl 

l^juajuai 4JLs ijijj-u2l c__JLJ I 3-"- c - ( _ T 3 i La ■ gj (_£JJI ^j^ 1 "- Lull 4-miiiLl Lol 
jo^jc^v /j I c Jixj-»J-I Jl>- j j i a a <JjJ3j SjLc jjij-.}JJL*-a <JjJ3j (^ ^SjJll ^1 
Ojjji'i/I < . ii" 1 1 (Ji-lj i-LaJal i "II ( _ > ^aie-iiu] I jLa ij-o'iM f-^lj (^J • -Sjj-u'^I I 'ii"ill 

(jSUj .^j-U (_yJl J-»-^j (jl ij^9 SJjL^JI 3_uiL>JI (_£jja (Jj>ia <j£. ojLi^ ^"h . u 

Cji q j i ii -v 3_j| (jl j-Aj i Uj-jL", Oi-Jjj-^ l5 J-Il aL«JI I J-jJ,I (j-a j-J-*J V I J-<k 
JjJlj»_o 4_j| jJljJ CjJSj ( _ t 3 ej£jj> u^\ J'^"" " Jijj-o^I ' . lS-uI (Ji-lj lLoS-i "~ 

. Finite 

t Jl_j_*_» (j_« J_5-Ui21 t cfllul Jl^-oj_> (_£Jj1 ^j^-^ mJt (jlJ3 tljufc (j_« (^^"J 

(jl_i jj-23 nj-QjfuijV <LoL»JI 4jj i ii ill 4j^Laj (jl ("M-r^ . Lallim j_o2l (_£j_u-u 
»(_, mi 1 4 i i ii i 1l_j Liiajij i3j_ui 3^j_cuJ ijjj^tjj 3.3U, A j i iiilu LLaLuJ (j-ojJI 

(jl_a i(_j^vjL>JI i_^lj_ll j-La-i 'i-^-j (j-*^ IjiSL&j .SjaAjfo «LuiL>J 1 _^sjj~u 

LLaLp «OJl>- (3^1 (j-a t-jpSI I oK i Jjjj/'i/l c-uLtl I ^jJI 'Ljcjj i_gj-l! ^j~-~ lUI 
JIiJljsJI (3-3l (_,JI (_>^a-5e iSJI J uaj ( _ 7 i»- i^ya-jLiJ! Jlj^sIjJJ 2 j i nilLi i(j-ojJI 
^j^ se luJI (_ 3 _^-jL>J1 jL^al^Jl ^juu-u LlA . LaL^-i (j_«jJl ( d ^j" ) Li_Aj t4 mAJ 
4_lS1Ij iCjJir>JI (3^1 (j-a ji^LS ^i^l ■ .'*"''_' 3-^J iJJjjiVI i .?"!! (_,JI lLbjI gJI 
jJij 'L^-^-J (j-a lJlSjj Ji^ JajL^JI (_^aie Jill (j-«j (j2i Ldi^j 1 1 ^ I U « ojLLaj (jj 

(jj 3_tix-«JI 3_l^-LlII (jj« <tjf ijili nj;j-LaJ Jiio -^j-?- 3^'- t ^' J^' o! 

JjJl^v) CjJLjsJI 3^1 (j-a jjo^aj «jjis (_gi SjJij (j-o ^^jj-jLiJI (_^ljj,l jjSLxjj 
3jjiL«l!l «Ij-<jj>JI ^.Ij^l SjjiLLaj (_yAJjiJ La 1— U mj dilij i(jjjj/^l t_tii!l 

. Gravitational Red Shift 
^_3 (_i_LLaJI 5»LaJ. (JLalLiI i4_ujLjtlII ^Ij^i^JI 'IjvljVI SjjkLLaj Juua ^^j 
LiJLiLo ( _ T -S) ^j uaJ] jJ '^ a <_>jJJ3l I K'^ iCjLvjJ.1 Jl^Jal ^j a SI ~ oLsol 
3j_<fcLLi _a 1 -^3 ~ 1 " CjJLjsJI 3-^' (j-° '(f j '^t| <J_ilr 1 U I , „ t lj iJajl gj| (j^ie uJI 
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(Jj) i/->jJI JlJcCj .(j^-jLiJI (_^ljJ,l oljj (_£JJI pU miVI Jiij i nj i*Ijjsj>JI <t»-ljVI 

i_gl ^^j (jJ *u (jjjj i3_uL^J Vtt jir-i"mi «Ij^sj>JI <bvljVI (jLa <±jJlj>JI 3^' ^1 
j_^j - ^.jUtl j>L>ol) «lj^jj>JI <t>-ljVI cj^l^jl I oK 4JLa j^-T (^<«4j .plauSil 

j^tJ, Ja-iL^JI (j^aitAll ^yi^: . U I , .. 1 1 --j.^tl pLuil JJS UJ£ i(>*^ VI jjill 

' . . *~tl jSj-a i^l J'^'- 4JL1 (JjjLuoiS iJojL^JI ^j^-» luJI jjiu «L^>-j (J- ,? 
AJjj 4JI (j^Jj ni'q ^yJJ-jU-JI (_<J3lj-<jU 2 J in'lllj Lot OJlX-O (JjjSj ^^3 Jijj-uVI 

.cjJi^JI (3^1 jLlL»-V ^L^J V c^hj 
/- I r I o fr^l£ : (Jlj i nil I jui (_ T i^- 3->L>-VI S(3^" o^ r 1 1 jj? : J^LtuIJ Ll&j 
<j-u-jJ i(j^~ mi'mV <LaL*JI 4 jj i n ill AjjJ^i i , , ,!->. 4JI jl j"r VI (_^ (jjJL>.| .(3^- 

• L?Jt> ^ ' ."""» » 3^" 
C-Ji!LlJ 3-J-Jj-U j^c- -JjJi^JI dJJj-vliJ^JI 3^5 J-i£: <Lil ijjVI LU 7t i ajj 



Sj^jiiii c-i in->--4j^m aI in-vVi (j? ti^p-j • ^jjjiVi t_t2iii (js-i j aL^iivi j^"*" 

[JLjjJo J-£uU> CjJlJ>JI 3^' 0^ iSJSLgJI 5-g.J i nil JJt ^1 J '^" (jJ-2jj I n ill 

(- '^jj 3^ ' "J 1 " ij^ 'lO^' *J-° A?*^ O^ (*-"•*" I LaIJju I jl 3iaSjj i3.3^£. }L) 

. jjjjVI t_^2i!l (Ji-I j 
(j^Lg-i-a ijij_<-uVI * . uLuJ cjjl>JI 3^' T • " c?-^- f-23 (^11 iul_^>jl Lol 

ijj 1 n VI 1 _i S" 1 1 j 1<* (_y3 CjJLso (jylll liJJj La? iLfcljj (ji ^^.jU-JI Jlj-oIjJLI 

.cjjoJI 3^1 i_jjj-tuxj 3-^*-^ < *-y3j -ijJ^^- O' lS' '-^ijj ij- 0^ "",' o& 

Spacetime Idea &\&l\§ £«jlt SjH 

i(jLSJ,lj (j- ^! **_?.' '2-oL»-ll 4-jj-mlII SjjJoj /_^ (j^" mi mi (jLtjjjil jii) 

(_gl i((j-ojJlj pLajjVlj (jIsjjlIIj JjUII) SjljjVI jIjuVI JaLiJjLi 3-L»^ C7-^'j 
(j^j JaLujVI ljuij .CjJoJI JijJlscjJ (_,-i-o3 CjIJl>-Ij 4_ulSLo CjLuIJl>-I 4j^I3 
JlJ(_lS ;>j I j "i r I (JA-4J (j_o>JL9 .(jjSJI 4 <jjU ^(jnl (_gjj|jal3 i(jl£U!j (j-o_)JI 
3Ji>LUI jLljVI J^ ^yk: bjj^£. (>ajJI Oi^i o' ^ V dili ^b (j^-Ij i£j!j 

.(pLfljjVlj (_)i>jjJlj J>UJI) 4jSLJI 
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cl^jjuuJI L-jgfijJI qc ft,nsiin 

Curvature (jLSLUj <j-oj-!l uj>j (jx. 3-aL*JI <Lu-cui!l <bjiijjl 1 1 aj| Luo^oj 
.(j .10 Mill (-JSL1I i_aj i aSJI cjjJl>- «Lul «L-uLl3 i^Slx-i (_gJJIj q .m miII 3^L>- 

J^jv) (j— Oi •> " II j_La-2_]| I a La ' /_Ji ^LSLUj (j_ajJI <_)Jlj>u j_lTl.ijij 
olj-IaLj -il-i}-J <— iJl-^-II! lj-fl> tjS^j • !-}JJi5e-o Ojjj/21 c-caxLl (jJjLijjLLl/ 
^ylltl SjUI ^1 (^-i-«J I Juij iSingularity jjj-u'iM i—Jill! 3^J-° 6-° '-^LH^' I «iK 
(_oj-ajj . jijJJ (^ 4jL$J V La I j'arX ■» . .^»" jjf jjj jjjijSjj 1 La « 1 a '"' CjjL^Jl 
(j-ojJI I Jj" ' La u seJ tLtLLaJLa 4J1_1 Jijj-u^I c-JLJ I 3^>° 2-oL*Jl 4_n 1 nit! 4j^Laj 
L^J ijL^J V 3jJ3 J^>i '-'■!"*" i5-uLj3ji-iII diLjJ taJLtl J£ L^-lS (Jj-^J 'O^^'j 
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J-itjjuJI v9^"9 U9^' 




^LjLa> Ls_>J /c^rJu jjj-uVI i_t^tll :(39)JSLJj 
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cl^jjuuJI L-jgfijJI qc ft,nsiin 



j^ijjj a^jj.i sjUI 



juji jst 




Ji-ljdl ibuajLUI SjU.1 



jj^VI i , si ll j>L^ : (40)JSLi 
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4$m&\ u&\ ^\t I 8 



Black Holes *£rf t *mU»i\ <> JJ^H *U 

Tides 

^Ir jLij>JI 3_oiL>JI j-j3Lj JjieHJ (jl I nlr i ^jjji'i/l 
(Ji-lj . UjS , „tl 2 q j ^ icLojLc ^Ir oi-l ^Ij}-^ /oJLc 

V 1_4j0 . .ij-i-u'ifl ' • S-X-Il (j -1 C (_yJj (<S-J CjJiJ»JI (jj^l 
(j-O ' . I S-U) (_jJI "-j-l^l (jUjC~n II 4_LOJl3 (j| «Lji L*JLi 

^_iJ! 4_LjL$JI 4_<_>!}Lj>JI 3jJ3 UJ^"' i n I i^ajlj i«Lulj 

. 4-uAj l_! JlJSO (_,^JI SjjLlI L*i]j (j^ jii 4-LO Jl3 t_! JjSO 

j_)^>J!j jJ, !■!(_, o i nj La jji (j-G^2JI (j-uLi (j-u jjj-il'j 
I Jl^J <Lj=_luj .Tidal Gravitational Force ^^jjLjtll! 
3j_u£ jjJl>- ^1 LJjis (j-iSLutl! («JL«JI ^ J »~h i ii t^-aJI 
IjLa Jjjjj'i/I ( . iTill (^ Ja j j g 1 1 (^ j^-lj (<U iljLs- 
JLi-G di!i *Luij .^ji,! ^cJ LlSJIIoj CjJl^JI (3^ Li 
jJL-ajj 4 o i ii-v (jja- i ih^ i«L<i^ iLLiiaJLi c_iJoJI |_£»j9 
(jl dlli J-JJJJ i^j-o J-^C- ^ .' ' ta J (j' Jl> " Ct^! 4_«j*3>. 
«Glj j /_^ Cjuj^jSLIVI .UI"^."j i4jIj jj 4juj^>- (JjcJj 
j_uSLj tiJJi (_J_l2 (j\S i nil Cjj oji ii * j T- — > 1 1 i j . L^jjjIj 
. dlli cLu-i n j Loj cU^Ja JJlX-i *Ij-»- (j-« 
/<JL«JI I jufc (j-i^Li (j.3 Jj2?l J_aL*JI (j>SljJ 
jJ^sJIj jJLl (J^JS ^ L_aL£ i(jh< mU ^Ljj-LaJI 
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. jj-^^l ' _ ■ ^~. H j^j_a ,j_o mjjLjJI /n iM-*JI ^^ial I oK i\^j3 (jlll iSJSL^JI 

^j „ 1 ,",ttj j ^Z\\j?\\~\ i^jjiojal 2_j£J| tc La i u Jj' a 43_jjJ«-a jj^»J!j jdl 3j-&LLij 
' • S-lJ I (j_o <_)j_2JLi Lai . 4_j-Lc 5jL«JJ ' 'ajjuug L&j_uLj jl jl (jLtujVI mj^- 

. ->jj^ >L 315L& jjj>J!j jX\ (j>2£ i4ii-b ^ j! jjjjVl 

i Jij-i-o^l ' . i S-LJ I L$_i j_j_«-ij (_ylll 3j-&LLaJI (_,-& jj^sJIj jJ,l mJ»J9 jjjjuj 
CjljLiJI «LjJI i_jJLjc_lj La-i-Li^ . «CL-ulj.}j «Q±alj-a jS^-i 3 ^jj (!>£■ LS'-^'j 
«L^-jJ J«_i3jjj I J-$J *Lje_lj_l£j 1 1 J La i i*aJ jj^>Jlj JlUj 4_o jL>JI m£3^ (*>'" 

2 » oil) 5_i_Li-LaJI SjuiVl Jiu 3jJLc 3JsLL jj g-U mi] L^_Lc jJjl^a iLgjjIj^- 

(2>SL!j ijj-uijl ' • 2-iJI (jLS_a 3_3jj-a L^laLaiJI (Jjjia £j£, jSLx-i (_jJ-II ((J-"^' 
Lij_2j 4-j-Lt-mJI 4-»ji2l jjlj^io (JS I". 1 int «Gi iLLiI 1 ii~»- (_^ Jl>-LJ (jl t-^^cJ 

. ^IjlJJ-U 

,3^«J 4jjL^JI «CLojLjt3 : (yCuajjlsj (jlSJ,lj (j-ojJI (j& ^jj-u 2I ' _ ■ ^~ 1 1 ^pjj 
jj-« < i^-iiJu CxS^Jl jj)^?-^ (jl L<iS t^^>-jL>. j'^fl m^I ^Jl «t_L« CjIjLIu jM jjj-« 

I J-A, j La 2 1 1 i k-i^aj (jl_3 Jl_l£|_IJLjj . Jjj-u'iM i . S" 1 1 3Jj^ ^Ir 91 LaS 1 aj^aj 
L-d-c^o-* /- i n >g . jj_j_Lxiaj1 J^lu2I t cSUjI («^c->- ^*-« * lj_uLuj «L> 2 i 1 Jl>- ^j^ <<•> 

(J£j iCjI^ILa ^IjS 3 ^l^v ^-Ljjj ( jJjLii/jjLflji J->-) * '^>_'i cjji^JI j' a ' j '^ a 

(jn« Mill 3J^ Jliol 10 <GJb£ i_Lu (ajso Jjjo I jl Mjl .(JikmiII 3J^ Jlo <LL£ 

( 10 X /o^ 3) ^la ^\f\ 30 flj LaS I flxaj (jjSlj CjJi^JI (3^1 (j^ ' JJjjiI i_^2j ^1 

.7c_uaiiJI pi Jaall m^S mJjj jlSi V 3t^j,„,ll ia-LuIl oJL&j 

f^al^j JlAi mm i n^ . ^ji^SILj 3-Aj J^lujI t c^Idl La M^aie ■"■ m^IjJ Cj Jl>- 1 !ilj 

il>-ljVI mj-2 f^'V ill (j-o j 'I L^aJl - j 1 a 1 1 lj-^J (<U ' l"^* - J J ' a a C^Sj mj-2 (a^*-<-!l 
(Jj^Ljj iCjJljsJI (j^l (j-o («^=-lII L*ili <_!jjSI I oK dJJjj ij^^v'i/l Q5UI _>sej 
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^^ju'UI , ,0*11 J?li 

4_S^_jv jj^ ,] » -a- " ( ,, «QjjjL>. (j Ji /cj?e_(J1 ^al2j Ju < * tCjJoJI J^Sl (j-« ^rhP 

.CjJij>JI (3^' (jJI J '^_' -iLSLj LoJuX. LaL^j Jlaj>o JlS .j^ly.tl jj| 

jl J_a_« jlji^_j LaJ—Lc ^j^ LflUjl J_4J*ILu_uj iQ^ill Jsjj_u1 jJLu (CJ?e_lM (jl (_^>- 

/yjl j m a iCjLJjjj^a J'v i~i /j I c o^jjIo f-^j c 1 ^?-^' o^J • *lj-»*JI «L>-ljVI 

jaj>o (j-o f-"^ lS 1 -^' Jt^^' 03^3^' 0' '«JJjt>JI 4-iSlAJI CjL-uIj jJI tc_u3jjj 
(j-o 3ju,I ^^3 Jl»-Ij (j^ ij^ Lljaj (jj +"' ' "J '(j "Q '"ill «Lt£ (JiIloI I 4jJbi f-Lu 
•» j i a j a i ' „ "Ol? * '"' J a ' '"^" j^ 1 ?^ O' "^ liUjij i3Jl>-I^JI 4_oljJI 
/_1^ J^lkj IJl^jj ^ ' a 1 Sj J-4J*Iuj-*^iiD ^i <Lcl * Mil aJuu-^J^UI _Sj_<_ui /qj?e_lI1 

. 3j_4J^jJ,l A^st-Lll : ^1 Jj I nil » «J dj J I 

C-JLlLI IjJJL>- (Jix-l CjJL>JI (3^1 (j' 4-SjL"JI I '" Mi^LLa (j-o ■» liajj I j£L& J 

oj_a (j- j ' , ^*" 2 | -^h :v ciJLjLA cjjLjtj «(_^ji i_gl 2-jJj (j^L«j Vj i jjjjjI 

(_jJ->- (j-ojJI j La JJ Cj Ji^JI (jj^l (j-o Lb^Ilal I «iKj , rj ,>.lt Cjujj^S 4jI 3JlLa.il I 
. ( _ > Ja_oLiJI (JJ^JI \LiJl Jl»-| i jjjj/21 • . lS-JI CjJl>- Jj^l cH- 4 - 1 ' J^-*J • "J*-*-*-^ 
JL»-L_lJ iCjJu>JI (j-3i (j -0 V^"! ^- LC - '—>^ x t! liL° 7=-i^3-i £)1 tl^-*- 1 Lt^J 
55^13 Jju (_yi^. (— i-23 L_ulj i(_il^j2l Jl>.| jL<j>o ^1 JJ^3 dJbi ^'-.j'^i'la : 2LLa 
( _ T 3 4^1 i ii U ' gjua ' » t^. S3 (jl I'ljlr (j^-Ij t r J '-^' Cj-'I J "*~ O' "^iPj i«LLa jLLal 
ljii>_&5 ii_jLJI ^jej ^pJ,l ' a i aJ j l^p-o i-L!jL>-1_uji ^j^I 5 aiajj La . . 3j_a ,_p 
ojofc CjJjijjI La I jl I JLiI c_jLljI jujso (j-l i-d_(SL!j idJLajok ^=-1 LoJ-23 j^-»" i ■■ 
.diajufc ^1 Jjj^s^il L^jI j-3j_2jjJ.I S^LcuIl ' a-i^aj . U-Ii<- 1 ^tl 

3jjIjJIj IjIl^-lLlcu 37 , 5 SiLtLillj Ijrut-u-Li-u 75 ^i\7i '<",,„ 3_uLiII ZjJaiJ U 

Cjj ^ i<t I o (j a fiLSuoLA ' d ca * jl «L3Laj_a (-dLufc Lajj <Jla_u_uj . . 1^" <ij" i < n I 8 , 75 

i— ij'TTu ii dJUSLIj 'mM' J't!-^ - ' lt^ i-iis J-* (J-2^>«j (jJ lilJl i^l . <__!ljJI (j^-ij '-^-yJ 

(J^>-JlJ La (_Laje-L»J i'1'j^lj-a J_Lc CjJl>j i'LSjLcuJI 3jx.LaJI oJ_<fc jjjiAjj 

il i jjOa- >Li ^Ljjla Llflj ■Ai-Lj «Gl dil JJ Min'q i jjjj/'i/l t_uaii! vliJoJI (J^l 

jJlj_i (_ 7 ^>- tCJj^>JI (3^1 (J-* ^>"l * J^ILsl 1 on (j-*^! JX?-* ^-* ^-H> > ' J " '" 
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(_gijj| *_o ^ a a I "j ixJSjU I j_<fc (^ (j-°>II ' ^aj" 3^£La jl <-^rP" ' Ij-*- Wi>^- 



4*a1f 3*i ^Jt t^alt Jam Ud 



2_j| » J k~ , ,." Vj Oj-uiJll c-<-S-iJ I jjju>- jji CjJjsJI (jj^I (jl Li) Tciiajl 
_^J-a 3^=-l *-3J-(3 (jl (_ x^cJ I (j !S I j i?-jL>JI ^1 4li.lj (j-a t-)j-$3 (jl CjIjLJoI 
CjI^£ (_pL«i /_^ CjJl^JI (jj^l ^1 «^=jJ r J ' '" ll jl VLl<3j£ jJj . jjj-ujI ' . JLul 
. (Wave Front 3->-ji.l 2_o jJLo) *u-u! I gale Jj I laj ?l jjj-u Ja2J I j U , „j"~ 3j_jJLi^ 

5^_l X_<_u^jlj frtjia I n H <l la 2 ' It (jl JU>0 t Jj_luV1 i cSHJl (j_« ^^tS JjLJ (_ T 1^.J 

t Mint I ^ * ' oj a ^H-*-^ jjj-u 2 I * calJl (j_a L_t_)^Ha1 1 glS (JjJj *J^* ' g. a-LaJI 

iJlijL>JI (J^l (^1 ^jjiill 3ji> J^io jjj^ajj . L^J^^jjuj^yl!! 3JSI4II 4-ujLsJI 
. jjj-u^I t_.uLd I 3\>-° Lt^I f-^J^J (Ji ?T_1>^*^' » AjalL ""' (jj 



i_Jiitl Ji-b u^l iCjO^JI Jjal jL^I L4J (jSLol JlS »l -^'a 3 Miim (_dl_L& (jl 
, j£>XI (^1 (J5L<fc ' tuau t_i JLa- '"( 1 n L4JL3 jj-o/^l 

t_ijLj>JI cjIjLu (_j^ ^Iji_^j ojjji^I ' . lS^JI 3^-° ij- MwH^ c?-* * " '-.!j 

• 3^>il (j-IJ ^L»^ Jj^aJ (jl (Jj£ 1 LaL^J (3*-<-uJ L^Jl (y* 
J j < i"i ~ (_yi^. (J-«-«J (jLj idijL^JI 4_u!iL>JI ojuk (^Ji-S3 (jl 4 nii 1 lit (j£L«jj 
i«Lcj^_ll 4_jjJ,l CjIjLljJI j_ljG (j-o (—ij^)^!! SJjLa^ (_y3 L^i^t^ tcjjIjj-o 
5) **' -^ I A^IL>Jj I *j j ' a a jjjvjj (jl (_^jj-u I m i"i (JJU2J jl » ^'-^" ' uJ (jj I d 'S, la 
4_ol_tJI 4jj 1 11 ill 3^* lalJI LlI aJl2jj .«LuLlII (j^ Ujp- M^ ^ iljuj. flj j 1 a a 
(5^j>o (_ 7 i!l 2 flja.ll I cdij 1 Jjjj/'i/l i .ii"ll 3^J-° ct^ ^-3i '-* c - SjS^a i^'niijV 

J^<~ ^ a ) Laj V I a j ifelalaJI (jx 
(<s^a^>JI aJlj>_lj tix^Ljv 1 Jj-i-o'ii I ' -1 fl-i II 3jLo (_p fol^pj ^£jJ,l I Jut (_5-^a 
V jj^sJIj Jiil CjIjLuj iSjjJi^t^ j_lC <d£Lii jjSjj ,j*is\\\ LjjLuta •- _■ 1 aJj 
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^^ju'UI , ,0*11 Jili 

\j] (jf ULLa i(_,J>.jL>JI «.LUaiJI ^yk: jjjIj j_£ I <t! (j^iJ lis JjJI Jj^lj • <LuL$J 
t i <LljI Jj ° *~ ^ 1 c L ua-Jl Jj ' ' * I J-Aj • ' 2 1 k fl 4_La r-^ie_i J)J 4Jl>-JlJ $-^j-ui 

4J3^j*-ijiJi,l 3jLU p^j (jL? LjI i«Qjjj& JJiij jjjj/VI i . ii"itl [^ ' La 2 i uj La J£j 

OLLjjjv (j-o (ji^-*-* 2jU,l O' t — x r^ > " '3 J La 4jI j_L;L4-i tj$-Q-i 2 Jijj-ojI ' . t-S-iJl l _ r a£ 
'"'■ a ua j_p (_yili3ej ?l.3ajjijl j^xSJI dJJj (_jjj jA-!j h2jlc.Ijj3 L^Lua^J Cjljjj 

.-.lalUtl j\ oLvjII j>JL& (jV .irjLsLLa ji oU.^ ijJLLa Qi^ * lt-^-J i3 jLU 

( _ T 3 J^J-JJ 2 lilli (_,i^.J i4_ujla CjVLa-oj (J^Ijjlj Cjj_uI I jl iSjLtl (j-° £t*J-S 

. (JjLiLjl O ' a J I J (jj > lull t^^J-u Jj^j-u^l t t2HJI Jj ^ 

L^Laa* ;iu I J » 3jj wL£s i c I i '■" -1 4 n»i u 4j| il j^j-uJI <_jajj!UI <_iJij>o l_iSLi>» 

-" La ~j J (jJ I J JL9 i^l <>»*tl j-*l!l Ijufc (j-a L^jljisl jlj IjLa i I J I a t-jjJLlL) 

J )Ldj «iijLii 3^.j_cuj <!>■!.} ^j j" i ■■ (Jj i(cjjij>JI (3^0 Jjj-u^l * . c-S-iJI -» La i u-i 

3jU,l J»jy ml ,jjj . .Jo-i-o^l l_Jiitl 3^J-° (jr^ ^JjL^J^LII 3_ojL>JI jjj>-j J-a 
(_j-3 /j dXseJj m Jj .< _* i n-a-q i Lg-La-I ' - L^a-dll -iljjj '.-' i^AJI 4 nii i nl SJaSJll 

)t_aj 1 1 " ■" *"j C*A3e i " (_ 7 Jj1 S-iLliJS .i ^J^- )-Ai LJlA CjJl5&_u_uJ . «LuLUl jj-* 0~?" 

,j^L*j V tUl JLjv. (j^l tlJsLiaj JL3 3^UI (jl (^1 iL^J^Lxj 3^3^. j^3 ^^Si dilj 

dt--^-Li-a I Ju3 i Jjj-u^! ' . . ^~tl Jj ^r- jjj CjjL^jI (_,jJ! 3jLt,l (jl jai.jjj .CjljJk! 

aj^cJJI 3Ll>- j^,Sli uj£.J isljijjjJI i ■ 'j dj 1 1 LiijJL^o (_yi j o" i ii ) (jl (_Ll3 
(^jjl jLiJl A la * a J ^J?e-'(j1 J^l_j_a Ol laj%] JlJL« *. L^Jj_a (_^>- LajJ^_« J_La 

i t_jl^_tuj A^_jI^J1 J)_a 5^_L«_i-£3 4-l^SLj LL3^1it_a ^(J^jvjijJl;^]! j_A «UjjSj (_^ (_^>- JlJ 

C^jJI j '^« I o K 4_bSLII Cj.j!.J)! I oKj .«LLo (_L3jVI j-^LuuM Jys Sjaj ■ •■ ; 

SjlJu i _i j i nt 4-cSLxj SJjSD! j-fj^ /oja-JLa ij^JjVI («^*-<-J! 3i>.j^ aLjjV aj^LII 

(JILa 4iLo (S^>o Cjj LajJj . ^""'j;'^" Cj^ J (_y3 oJ^l_J-« jLisol i«CLu jLv JL^o 
CjLlLiaJI (JI<"ii"i1 3jI Jj (_^>- (jiLaSjVI 3j! Jb (j^ aLc (jjj^iio 50 (_yJI^>- (j no i"ill 
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ill lj_a j nn \ (j .1 o ."ill (j-o 4JLS jji I («^>o L«-Lu '^-*^ (_j-3 <L}jlj^>JI 4jj^jjJ1 
«GtiS xAjj (_gJJI («^=-lII Lai - 4_<_La3J1 3jJ,l eJJb i_j-i^3J ^_^ ilLvjJJ <j-ajLi * la "_' 
. «l_u-u (J3r!-L I— flJiaJ ^1 J naJ LloJ ' . ulaXjii i^j a o iSJI 4JjS , 2 
JL>- ^^Jl 4 loJ-Sj J '^_* LoJlJ-C i/ojaJjl (_L>-lj 4jj|jjJI Cj^LcLiUI IJijJJ 
ufcjj£.j i«Ljj_i_a 4jvjJ ^j^iLa ( d L<a > ^^l^v «LlL>-1 Jjl 4jjl^>- ^L^-j-S (jjSJJJ (j^-*-* 
3jlj^>JI «L»-j.} i_H-^3 LoJti^.j . (_gj|jjJI T-Lojj VL) j^jjJ-A ^1 (jlj>-j|j Jij^JI J^ejj 
(_gl) ajj 1 |jll (_Li-JJ '^iA° ^-J- 5 Qiri-L 3 (j^-iLaJ (j-llj*- f_^\ f«^=-iJ' (J-*"'- 3 Ct^ 
j_cal_Lc (_,JI Vj^eJLo (_gjlj^>- i^jlj-l J-cLij (j& ((J^j-jijJljL^JI r-Lojjl ^jL) 

(^ 3_JL«JI SjIj^sJI ■ la » i '^ «ua J-sUli ^JJI cJsjJI ^pL «fi .JJjjI (_£>i-! 

^^Jl (O^tlll (Ji-JjJ (jiLiSjVI lJi3jjj lji£Liij i4_u!iL>JI SjJS *_o (<s^=-iJI (_L>-lj 
' g j ' aa 1 1 * ili" g I uaAJI ^^5 ^ ^1* g «ULS /qj?e_u1 T .' ' *~*J^ '(j ' "«!!>^' ^LuJI 4±>-^_a 

ojj^j (_L^ i<u j* , ,.l jlS o3^~! f ^?-'-" Sl_p- SjL^J (_y3j . L^j^Lo jji Lao^Jsj 

/jlc tLajiU 4_ooL) /^ 'Lj^Ij ''jLh*-^ flla-VI » jiaj-i "J <jJ r<u (j-oj i(_£j|J-l!! 

(jii dJjjij i^H^I ^j^l^"ll (j-* 4_toiAj i _ 7 _4^e_j ^jl » ^1-^" ■ ■■ * clx_u,1 p i u ~hj\ 1 JLA (jLb 
<-, ,>.A^. il ^J ^i*. d^jjGj o~ i nji ii^ i3jl^>JI (jx. /jiJ-b V I JJt (J^LajVI i La » i '-■ 

•(*^l 5 J^ ^J- 5 

J a-ii-J (J^LajVI JaJi ■ a (jl_3 i<jula TTJ- 3- Jl:v dv^ f 011 ?-^' 3Jb£ "-^-i-llj t Zil Lol 
L*i ^j%_iJI 4_LjSj Jo I ^"^Vl » jjaj i aJ V I JiSL&^j i^cjjl JJS C-u-i ni ^ I j « a a 
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el^JjwJI L-Jjfidjlj Od^~" 
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jjj_oVI cxSaJI jjjjSuj SjLU jL^Jl :(42)JSL.i 
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' M * ' M ^Ljc_jV 4_jJLl3_La ,_jjJaJI ^liSI <jl JJ^JJ 
(jl /, A-4 .iSLLAjI tljLj) la-lll CjJl>.| I.. ii-v-frl.3j.mil 
Sj^tj (2>C I j"'!"* JJ>J C7-^' (*3 :: ?-'-" '-"-v. (^C-C^JtjJ 
^Lsi^. (JjLSj (_j^!I 2_'j» i^aJl <jSL!j ./)'"» '*'! <UjS (JLloI 
. L^jJij ijSLs-i * z\l£juil\ c-jjJsiLlI ojui (jl /_& nillaJI 
(JjJlajju dAlitl »l olr (jl 91 j'al lJuSI /cjj (jil i ^^' a 
iL^J^v L<ij£ »ljij i nil i -jjaJI L^jJLso ^^lll jiiVI f_j\r 

* )l <Lul J>^_>.^j 2iL<Ct>-l t-ilLLA (jLi (j^J^JLi ^c3 (j-«J 

pLAdJI (.^ La (jlSLo (_yi JjjjiVI 

l«l.3j-cu]l <_!jjjiijl -3^>-J (j-C (^-J-lJ Cy-*-" J>-> *l I- ' 

L4JL0 <_jpjjj La J£ j»L$i!l (_yi^. 3_u^i!l L^JjjJs (_743 
^l)|-4ijL^J| ji^jejJI (Jjl>- L#Jl£Lol I i^ajlj i«Luil (j-a 
( _ 7 ^>- w 9 . L^Jj^- 111 J-o L^J JiiejJ-CjljJ.1 (j-U^ixJ L&^jSi 
f.\ ua^JI ^3 0^ (_^ (^j-a ^-^ -i^-" ^1 * tS-ul (ji^ ^JJ 

>(_iji ij^>- jj^j Lajti^. AjjaJJI i j'-» - ' (jLs id!JL>JI 

ujj 4_j| (j-li-II i/lrLa iSJsjij tfj-u^j (j^Lx-i V La 

JlJLJ (_jl£- L*^0 JlJ^SjJ (jl (jSLxJ > rtjS (jSLIj • -ijJ-ul 

dj|_i i_3jjljj i(<Lue i2aj| dilji 1 nil i_2 2 I Lxjj) J).! - ** ' " 

f-Slj (j-3 ijjLLli S^yJj-O J-J-C La f.fj-Ul J>»- JJ^ 

: 1 1 j^l** 3jL>-VI "-j-^cj (jLujiL-ul (jVIJjji j-o^l 
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J^£Cj4 (J_ujJJ i^^^-a J^Jl£- im »l '^* a ffl I n~*- ^-& /QJ?e_u1 (^^J tl)' (l^J -1 ' 'V " 

7«LjjJ)j LU S LqJ (_£JJ1 ^1 (<•> 21 ^j?e_u1 £J_l*3 'j la III (j£. ''Lt^t^e-i Ll^jfcL) ^>o 
. ( _ T JL-3 , 2l («^*-i-!l ' tuls (J-Ajtjj ajjLi (jl I nlr l(j-dlj-cu]l ij-° i_£ Cr-^ 5-iL>-^-I 
(j-u^9 (JI3JI ^-A (JI3JI SjX. jj-« LJJ^-^'Q n o i"il l z-^jus (J!i_«-^j?t_ijl £J_l*3 (jl tiUj 
(jl^Jal ujl\ 0£jju3 Vji (Jla-i (jl I nlr (<s^=-iJI ' tula jj^juzlu j»j-2j (_ 7 SL!j '^"3^ 

.^uLtill jjj , ^ > " * (*3"<2-S (*-* L$jL>-J_« (J^Is * ' ' ""*• ' 3 -^ u *^ U 

cLiLj-Ia (_LlL>o (j-« <L<l£. (J j LajJ I (jSLs-i (OJ*-iJI (j£. «G3jj<-a ^i>> " (J^- 2 

LaLv «L«jil-cjLcL«ji<! (j^ SjL^. a^=-lII (j-o L&L2JCj u^i\ (JjL-ujJI (j2 i«GjJj 

*lj_«^*JI cl^sj 4 < i'ijIj ^j ual\ «L*jIjIj 3-ia i uaujI (j-3^9 ^j m i nil «L«ji2lj 
^IjjjjJI i La j Lajj I dJJj j_& .^jjsjj I ' ajJa jjl ' La _>-" Ij'^ii^L^' CjLvjJJj 
dlli 1C1I JJLj (Jula (j^J ^^3 x_<ij J^f \f.^jus (jl (_,!£. Jjj (_yi!lj itQlicJJ (_ylll 
i(jL^ijJI no°l i ^J!) 3jj^' OJ-'-" 6-° Oi^i ' rtjtnt l ^ ^a-iitl Q^I (jl 
( ^ i i i nt ^IjjjjJI i La j ta->J I ojui Jl»-jjj . ((J-l«_l!I /- na31 (_j-!l) j-*>-^il (j^lllj 
)*_^j_a jJloj^ g-fl uaj\ ^j^* I ^j gaj -it * t LlLljI (C^e-ul 1 2 tip i _ T 3 «LcoL>- ^-)'j^ (jl 

. £ 1 Ji^-i-u i Laa^JeS i tLA^J 1 ijy ^ ^-alLa 1 La 
(JK Mil (J-lLxjj S»ljij i nil Salajj I ojui 4-lLc LlIJiJ (jl (jSlx-i (_g JJ! Lo (j^LIj 
' g j ' aa 1 1 1 JlA ^ i"i t A^j?E_d1 (j-* p^- 1 L^l i—3jju (jl (j^-*- 1 t^lJJQ ' "'I ' la ^Q IfljJ I i>Ju^ 
.Luminosity 4_JL»J, Sjuij 4x^>-j f 011 ?-^' ^j'j- 3 " ^"J- 5 ^j- 1 - ij^ x - i Luajlj 
/4-1 (J-*J ' d "^^ (JS i"i JJlj>o (_ 7 ^Jl (_j i uj >>Jt (J-aLnJl iJr Jb ^j?c_lJ1 3jl^>- «L^jJl3 
. Spectrum Sequence ^A^Utl «_iLnJI (_, o . uj aliaj ^^a ^jj^ill i_ x^up /<u JlIs 
niLLaJI (<s_Lc. pJ^-3 (j-o «U^. (_yic. V Lcj^ (^yi-tlail (JjLajJI plr tcjj^sIj 
JLSj .(jj^LII (j-C 4jjJL>JI '"'^ lajJI ipj-ill IJlj* dlLsLiii^l (_,lr C^J-b J^J 

O B A F G -.^JLlJI ^l1u>UI i-Sj^jJLi-LLuj J^u I iC5_.A_.Utl pl^>U j_aj 
JljJUso (j^L«-i iAj^=-JI (j-o Sj^Li. 3-jJj-o (_,lr J Jj I j La <-2j-»- (JSj K M N 
iSJ^iej.u a^c_J| pSI (_,i^. O (Jj^ll <— 3_^j>JI (j^-JJ (jl (_y^- • I J^J^ (j-« L#£.jJ 

.Sjlj^ A>5tJJ! Jal ^yJI j^-i^a N i_3j^JI Lai 

(_gj< ."ill («^>o i_H-°) ^ c *-^-l> (1)-° C 11 ?-^ ^- ' JlJ ?° '(^ v C^J (J^ '* Lt^J 
sLjJLc j<s^5=_(JI 3jIj^»- «L^>-j^ (jV t»l^j i n II i La j La-jJ I 4j£ _- A"-^" i(4_uLa_JI 
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((j .10 Mill Jii-a) G 3-jJj-o («^=-i-! ' iulaJI (jl J^>J '(44) (JS Mill (^ I i^ajlj . ljL>. 
Jj^vj (j-C «Lj>oLj 'L$L> ' " J '* 4_jj»i_LJI (j-a 4 1 1 t-T) (_jjJ! ^Ijj-cuJI 3 j La *- 1 1 (jij 
. .(j n o i"i II (_p-a L^jjjlj^v «L^-j-J r*3^*-> (_?£ 3-iLc Jl>-JJ (_yi!l ^jj i nlL5 ^lilji 

«L>-j.i (j_« _>- L ^l 9-^ ■ o c I x_] ' fl-i-oSLj (jl jj-^-4-i a^J5e_u1 ' ^*° cirr-* (1>^J 

(_gjdl Ji^JI (jJI ^ aalaJI Jjlstlll plr AjJD iSj-p.'iM Cilji i nil ^ a^ .3jIjj>JI 
. 4JL*1, j I JuLoj I ''-J' f^*-*-!' C*^?-*- w >^' Jl 2-' i^-al JLstjjjiL (3^-° I 
(jjj^j (jl i_2jju ' aaa '•J-Aj /-JLJI (JIJ-cuJI (_yi^. i— *j^o (jl (jVI LuSLxjj - 
(jL«J, 4JVJJ .iji^e-i (jl Vji I nlr . Scl^L>- (O^o -ij^*-« (»l -ijj-ul c-lSj jji (a^=-iJI 
(j_o (<s^*_L3 i4JL«J, (_JJla Liiaji JJ-23 f 011 ?-^' ''jl/ 3 " O* 'i_pa-sLij| (jjri^J-" '* Ju * 
JljIuI G 4_uj-« (j_« (CJ>oj t3j-« cULa G 4_u^_« (j_« (C^>o (j-« ulaX JljIuI A cLuj-a 
/ajaJjl (3t!^J o' <— 2jJ>-> <— i^J O^J • '^*_ oj-a 3jLo M «Lj3j-o <j-o (O^-i ij-° LiLtX 

. S ^Lcts I J^>- j_a 
(jl jjiLJLl Jlj^sjJLi LuSLqj (_yi>- "ila "^JJ^S 4^Lt^o u^- ' ' ' "I l— i-j ( tix^>- 

t(j^jj9jjl 1 Jl^j /ydj^Jl (J- LLr & r JI (ji^. Jl^jjlj (jl t <se-i /cj (j-«J t£.}^>-J (j-« jSGj 

.jAjj.3 <= L>-ljl aIJlJ-"ii ill (Jj^Ls jj£. (_>iiAL«JI ojj-u i a-ifuSLU 

Doppler Shift jlri$* <UI jl 

' a j Ls (_j-3 g.1 Jmj i ii II i Laj La-^J I aJslj^ (^ «L»-jJi,l J^la jl (J5UI _>J-*J (jl 
. IjIJl-o L$J JlJcJlj aj^jc_(JI (jl .3Jii>o (_ylll (_y* 1 ukjij-aj (j^-XJ <jj^< ^3^-^' 
.jijj.3 ^3i jl «L>-lju f_j 1 aJ La <Lu-i 11 j (j^ill (_5-3 jJJtlll Ijufcj 
(_y3 liJj^ejj Lojj^. ia^cJJI Jl>-2 r j 1 ia 1 1 'L^-J-o (J>^s (_y3 «L>-ljVI (_, 1 n"t 
»j JaJ I (jl i±^_^>-j . j_Lj.} «L»-ljl j| ^j| jojjiLj 1 1 jif I Jljjlj jl (_>^>j 2 1 oLsol 
fg^a- i I I A 1 1 11 i ILi (JjJai JJljJ CjLvjJ.1 ojui (jLfl iCjLvj^ (J^-^ i_^ ^J^^^i 
(Jj_Ls (j_« ^"1 j-Q^>-x 1 p.a^aj| 4^-^_a (J^I^ cl)^ *-^J 'C-^J L>^ ^ *"" ? l5*-^^ 
jjta-'i/l 1 ^_.Utl (_3jJa^jtJ 3-»-ljl I -i^'l '' dl * j'a i4_ujj,l (Jji.'i/I sljjlo^l 3^J-J-o 

cIjLvjJ.1 jj j" m'q i^jVI j>L>ol (_y^ liJj^ejj ,_£ jJI ^5tjil 2jin'ilLi Lai 

j I JlS^ j j i"ij j . 1 ^i^Ull jjjj 3jj^ ' L - ^>Laj| oLsol u^ «L>-ljVI (jj*v"i 1 iij j '^ai 

. ^UijVI jl t_jlj^aVI (^ ^5till icLJJJJ (jJI l(>L&UoVI (j^S (^1 ,^3 4^Jj^l 
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-2 A I ~ ^- ^ CjLJSjI fjJs a^cJJI Jls-I i *^U jJjljtHj LdLUI »l olr Jls.1 aLJS lilj 
(jl Jl^-ji n-^^-aJJl ^ ^j a j ij^>- Ijlj- 9 •^ X - L H 3-^3 O^J^' '^^ > •'-^ lil^Jtli LoJLi^. 
U^sjzl (j-u (<s^=-iJI J-*- 1 L«JtJl£.j •Jjjj'^' U>^' L^\ *^0 * r " 1 " 1 ' " ' *» * ' J ** 

(^^j'i/l (jx. («^=-lII JlJ> -^ ^J 1 -^- L°i '^"'jl *^J* * fc» -- vl j (jla ^ ajJI (3^3>!lj 

2L>.ljl£ (^'Cliitl *JL»J! dil j , U^M_.,„a l(JT iiJ! 4-Ll3j J_^. 43jJ-> >l 1^" 1 .1 a 

*±_uj\ I g^ja£ (3^*°^ FTJ-^}-* ( A '-^ iJ Mj'" L>3^dL5 cl)*- 4 -* ^j'^P- 1 L«JLt£.j 
y£j-A (Jj->- _>>■' <Ujc uaj jjJj f«^-' _J-4 JTJ-^j-^'j iBinary 4^-j^j_ll a^jcJJ! 

. a^jcJJI <_2 2l (_,i^. cO^' "-^^i- 3 " ur^3 'f^^? " * .' ' " L7"**" ^->M^ Ct" 1 lSJ-^* 

(2>c -ilj La Lol nj-uial^j-o (j 1 -*^ (_y-^ l ^"" a ij^ ^f-jAJ - ^ < i -3 :: ?-^' 7"- ' a I J 

. <_<£j-a ji ^Jjilo (_£l a^jcJJI JjJlC ALiaJ ^£ (j-UU>0 

ja3 (j-oj i^^-iiLxjJI dJLx^j I la aj a " cr^i (S^c-JLa . (^j-o J^- 7" .' '^*J '" 4JI 

I < I ii tl (_5-A 4^VJJljJ,l AJjajJI Al-LaJ (jl (_5-">J Ijuij ijj>- Vl («^*-i-!l 4£js>- (_ji^. 

ro^so -i^»-J (_j-^- »^ oUII (Jj"i 11 j <-i^>- . *!j>3-<-uJI t-JjJsiLlI (2>c C^3c-Al ( 2pi- a '^l 
3_Sj^v 4_<j/IjJlJ I J "' a j * " (j-S^- 1 (_ 7 jJI- <: ClllS (3^Jj pLujil (_gl /j la «j V A-^ 

.2 j 1 no mi Jj^ SjVAj ^Ir Jl^j-^LuJI a Ua-iJ I 

(JV^i. nj^^^o jj-o 3JjSLl,l S.cjjijsm j j laj jj| (^SLxj «Uj^i!l a^cJJI CjVLv 

-(_£_>i-l CjVLv (_5-3j .jjIiLJ^I Jo^sjJu I j" 1 "I j ' »_;l^" 1 "'" 7-^jus^j i— IjS 1 nhll 

(jjj^9j-Ii -*_5^J C>* 3^"^" <^ ^laJl (J-Jbtjjl a Jlj>" i n t-5 Jl-l>_J1 a^jje-lU dun ilu 

. Jjj-ui * t-flj «Ui 7c_ciajj Lx-ij m^ j-llj i^^^JLI ^j?c_lLJ iJr aj>J\ 



tU^JI W^Jt^ (x) ^— Jl 4*tf I 
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ijj-uiVl '_■ 2111 <j-o ^yjj^ jLc. jl v^jljLc. 2jI c^jpjal lil 4jL dJiaJI t Lxi«J 

<Jli!jL«JI a J AiJaa-Jaj Lojjcj . 2J5LjJI 2_uiL>JI (JjLdJ l^'i'^iii^ jljjjj fjsr- i m" i n'q 

(. I c 3j.}L9 id_L>-l_cuJlj ^ la a » * a 1 1 CjIjUlII (j-° 2jj£UI 3-oljjJI oJ-& (JjSjj 
tA^IL>JJ I tkjJuLaji (j-* 4-jl2\£ 4iSl m«qj t »j"^~ LaJLt^. d mi nil 4_*_tuV1 j1Jl^-oi 

4_Lo Ll*J^Il3l (jl CjJL>-j v I L^aJu La (jl£Lo (_y3 .ijj-ul <_jJD ijJLufc (jli I jLfl 

i3jLu>JI «CLujLv (JjLflj4_Lll c^jlsjjIj hjjSLII [J& «l»jLcuJI diljLiJI (j^ 2^.j_<i^a 

dJ_La (<s_Lju (jr^-uij La aljitxuil ^ *L1*JI Ija I jiSL&j . 2_u_u_u SjujiI jJu-aJ 
^yjJ! .-.I .^ _. 'tl tiJJj «_p3 ^^jJb liiJjj X-Ray Astronomy 3 j m mil 2< uiVI 
ojjj/^/I i . ii"ill ^1 pjLtujj 215L* lIiLoIjj J*\ hi [^ i2_jjLjJI cjljLkJI 1^1. uj3 



U 3*111 dii pis 

I g-iic j^CUj (^-!' 3_oL^J1 ^ ... nVI JiU-i i2 j m i ntl 2 < mi VI tills plr tc-jj^sI 

^LiJjlII ^L? i I960 aLc (^j . ^.Jj-cuJI i_jjJii!t {j£. d^tJI ^ dJJiJI »lalr 
<J_<_uj_j Jl_cidj 5j g >» I ^ la i ul aj t»l JanJl (j-* 4_LajL$Jl 4_j_LuoiJI d * mi VI ^jj 2 u > 
i4_caL>- CjLJjJLj jl 7cjj!j_ca ( _ T 3 i4jji3jVI S^SLil 2jjj>JI ^ ajiaJI jj^ (_3^-l 
iJj_iLSj . l—c-J-ll J 1 ^" Vj (^jlajVI jj>- ( _ r ^ t^aJLaJ 4j'm i nil 4jLjiVI ^V til! jj 
jcjjIjj^aJI LlxJl^ Jl2£ it_ijLjtlII jsJLjk^^S I'lliill »l olr (JjL2j 2JlILj 2£jj>j^3 uilLuk 

SvidJI (_5-*j " ta 2 a (jpLs.} (jjuii- (j-o ^h^I ^ j m i nil «u>jiVI /- 2Jj L^J (3^-«-i V 

d * miVI i">' ua ■ * fj j se i nl •*■ jj la ' aall ^3^-*' L7-^' Cj\jIloj\ p^_4^e_a (JIjJ 

cj1_<j/Ijj 2jLi aLl2JlI /j 2Sj V 3jua (_yj*j 3jl>-Ij 2x.Lj/ ^l^v i I jj^ 4j m i nil 
jj^LlaLj dJUij i7cjj!j_i-aJ! Jl^. LJjjL>o 1969 ^Lc u^j .q^J\ (jx. 3jL>- 
jjI*jj e.\ uoa1\ (j-o 2_i m i nil 2 < iSizI /_2JoJ lUhuru jjjjijl /.^Lli^aJI j n-SJI 
^_3 La J j j i"i" (OJ (_5-J-II 3 ;j-jl i^aAJI Jt^aljJll j<ukl (j-o i (, c I Li a 1 1 J-H-2JI I J-<k 
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jjLLJI jo^sjj,! I jut c. I U" , „lj . (Sj^JI) LaLuw S-lU-IjjjJI SJLLJLj (jjjjfcjt) 

161 ^jLSLa _SjLj5e_) (j! «u (jS-*' 1jkS_Aj ' g I ila^Jl (j-* ^ a i "lj 4 5 la * rt ?r i n<i 1 ^jl 
»l olr jJsIUjj . Ljjjja-o (_;£ jJuuzjz .. L^laj t dj Lj i nil 4-*-<i2L> I Ja-lU IjJu^iA 
Sj^jLcJI i3_uLiiJI jjL-all ojui Qi^ OW L>rh^ ^ !■«!>• I liJLui jtj dJiaJI 

■ C 1 J_f) i 11 U^23 .4-1 ' I i nil d * Ml 2 U 



?■»$*! mm J$» 00 1 -g«St «*U Jl (tail 

jLojJLj Jlj-oj_o (_,JI ij_i_LlIL>. L$c ^^3 3_uljiJ CjLjJLc. (j-o (cjLij's 1 nl'tl) 
. 3jLxjJi,l CjLjVjJu (jLlol A 1 up-*. ^Ijjv «Qj_uJLc) 
5j J -«-i 5 ta ■ uljj i4jljjv| ^1 (jA-uVI - j ■ >■ 1 1 (JjLaoJ »l oUtl aLJS dl!ji£ 
^l * 1 nil (3'^P-^I 4_i£L<u iSjJill xJu I jUa-La IjsLuoI lj_ji-Ij 1 aglaJI (J-lL>o 
. (_£jjjlj_tl j L-La-Lll «LJI ...4_ujjiaJI ililji 1 nil (j-U^Li Li^. Jjljj (_ylll Ajja-JI 
Cj|jl_«iVI «-uj>d (jjjjJa (j-C. t»Li*anJl ( _ > ^aje-aj (_£ jj.3lj.lt ljLLLII joi^. ^^Jjuj 

L^_ojja^vj I j tl < ,~.a 1 *\ ','-*. ^j ^j^cjJIj (_^ljSLII L4L ■■j" ^^U! S-iSll 1 h^UI 

Cjl_Lj!j_<fc i/aJUJI j^ij (jj« J-JJ^ (j-3 3-uji«J! CjLLl^JI CjI mi'iI JLSj 1 1 flC Ij^'J 
«L3j-«_« cUjL^_a gUjl i ntl a1jjv^/1 ^jjajjj y i nil ajj?c_u1 ^^l ^ ia 1 ^* ^ 4Jjufc 

Jal Sill (J^-l (j^-(_gjjjljJI LjJLiaJI sLx!^. aLS jj3j 2 .>■ «l itl L&jljjjii {_>a*j 

(j^ 1 11 -a- "1 1 iS-SLJo '"«! 'j J -»■ " (JJUJ-»I JaaJI (j^ aj \l ,^.11 Sjl^LiJI Cjljj^s'i/I 
u \*o\ \ ^Ij^JI (jk. CjLvjJ.1 JjZj^I JjLk (jJa (j^s oj^ (j^' ^j-4^ 1 
(Jjjijjj i Jl j ii" 1 11I jL^->- (jk 2jl CjLvjJ.1 jjSj f«3 i [J .' " ^ 3^-° Lr 2 ^3^3^^ 
Jj-r 1 n"i II jL^>- OJ^ 'j-i^'j 'Q-^jJ ''i'l II SJIj^i J-i^^y^J^ j*^?" Ct^! '* Ju * ' JlJIJ 
• l_gjJjljJI dJIiill »l olr L^jloscAj tixjp- '(jJLjJ Jolajto cr^- CiljLiVI 
ijja jj& (j^. Radio Astronomy (_gjj jljJI dliill /oi^. CjUcjI LlJaLol jjjj 
1 1 •>■ 1 11 (J!la 1 L&ljj (ji (2_j l ^*.'^) 3_jjL«JI j-JaLuii! (jS-^J 2 (_tJ-1I ijjfcljlaJl 

cj!j^>JLI iiLlJL^j .^j^tJJI (j^_i oLal mil Jiitlj ^1 3_^l jdl ^jSJI jUJI 
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liLLaJI p \c obi jlLo! Jl^-I jjt iS-lIuJI 3juiVl dJla a1^ 0^ l ^-" ^J 

J 'I LtaJLl (_j-b. (_Jj^»iJ (_tJ-!I < -t ! J' j: ?-^ 4jLL4 3fl (_pmj Jl»-I_L<-u (<SJ (j-OJ (_gjJjljJI 

(j_aj . »bj 1 n II i_l a 5-iJ I (^c OacAl 2_ljbe-o (_i i^j'm 1 nil dj(jli2l Ojj (_yJ.ll 
: Jlj-cJt I JL4 jjisUJI oJSjJI ^ lillill ^Ulr jJJtj La ^!^l 

Si U .-,.~,<\ jj_u,I . , S", Jjl jji Cygnus X -l-,j^l 3-^.LvjJt *u>o J.& - 
-(jji^l 2_a-LvjJI *u>o 1 luu^l LoJiJt£. i 1965 aLc ^ Jjl ni'tl IJL4 3j-a3 ?JuJ 

/y>.jljj| frbjaAJl £yl 4-lLluJI 4j ■"■ »l ^ *l"t -^jjlj i^tl jM ul d l^j ^ ^1 ,J , | 

i _ 7 Hll <l jJu I nil *1 * mVI J si L^ ti (J-lljl (J-« 34^ 4/QJ?E_u1 1 Jufc (C_<_u1 (j_« •*" ' ^"' > L^Sj 

niLLaJI ^Lxi^. 3>f>- _>J-y j-*3 ^ uaAII (_y3 4JISL0 jJl^o JlIoj 1 L^a 1 iViSl (<u 

ja£.jj n_g^ naJ t—ij'C 1 nil (_gl aI JlJt"ii iiU 4jjJ|j (3^-<l-i 2 4jT il 4**njjt-> da» (j-a 
2ijj<_a 1 1969 aLc ^ i^jj^IjJI Ldiill sUIr c.1 U~, , „lj . Luj^e-a ^ »-2j <LJ| 
ClLmi 3jJ3 Oj_l*j Jui3 i(l -<__huSl «L»-L>- jJI) j^jiioLiJI (S^aJjl I Jui (j£, ^J>i' 

. 4_L« j J ' aJ ^i-JI 3 J m i nil d * i"i*2 1 
J>bt3 ./sjslJJI Ij-fli JLi^sj ^yfl aL* jj taj 6ji> 1972 ,1971 (_^oLc: ^yflj 
I Uj -» I n I , ^. ^ i , (jjj ftjl) <-£.LLi J aJI >_q-Sj| ( a uua I 1971 (Jj^jIj (jjijLo (_gj^jl/ 

SLjcS j j £3 j 1 1 -(j 11 ^1 3^vbvjJI (<s^>o (j-o 2 _i i_i 1 nil 2 » mi^/I jlj^al 5^ ^2 

I^jj^IjJI jjj-all lJLfl>(^ OJcoll fjJZ 2jjj^IjJI j-JaLUI (Jj^l O^jLJela-ulj 
4j m i nil 4j>jIi ^1 (j-° M^ o\ iL T^J^- J-°' ' JlJl ^ >-*i^ 7" , '"~'l (<u 'l^J 1 ^ OJ- 5 (l>^~i 
(jjiSi 1— a I m"iSVI IjLjfc 4_L4-flslj j J uai.1 (j^uij (j-o (JlIa-uj 2jjj^IjJI oLvjJ,Ij 

. a j m 1 nil ^Ujial (j-° 3- 1 ' *^ > j^ I j 1 uuJa (3^-* j '^i9 J Jl>'i ob-jJ,l (j! (»^ 

sL>-L>-jJI) j. t i^l I ( 2j_o t_j^ilu jjJj MjLfls L«j>o liJLLii (jLj jSQll joj IJl^jj 
js^cJJI I Jlj* (j-C j-lTlSLJI 2^jjla fj fl-jIaJI jJjJjEaJI 4-ta i ul_^J j^SLolj i(l -(jJiSl 

4J 4ji^j ^ jdl aSjJI ^aj HDE 226868 226868 I j _& ^uil <uic JlLI ^ jJI 

(j-a (JjbjJI (O^till I Juij i( ( _ T ^jiaJI 1 iuJu.auJI r-^JLjS ^^ J-jlj-i lSJ-"-* (*jbJI 

Cygnus 2^-bvjJI 2x.jji^o ^i J-^JJ '3jj' *\j4i 2-La-l 1 nil 2_uLlLiJI 2j3jJ,I 

.4_ujj^3 4_uji 6500 ^l^jaj Li^. J-«-jjj 
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(j^j 2uluJ! SjlAVI ^1 "(jLjLJI ^ LdiaJI alolr < h nt~6\ 1971 j»Lc ^j 
(jl /, itt I Juij 1 1 Jl>- 3j_u£ 3x.j_tuJ (J^Jej ( I -(j-uSl AjvLvjJI ( _ t jL>JI) jJLuaXI 

(jjaj i I jl* S-JLc <ciali£ tSju'iinll SjLui^l Jj-ujj (_g JJI ^1 ^a-all jji^iU I jut 
I jj LL&j . jjj-ul i_t23 ... I -(jjiSl «bvL>-jJI r«L*_cJI d_3^ o' (JL»j»'I Jlj J-ii^ r<u 
■ ^j*-^ ( _ T 3 jijj.3 *1>-Ij2 jul mJI (j£. 'j^sjj ' p 3 ' i c o^ I (JrjJ^^J' »i olr 
3_<_iiL». 5_j_S_> Lcj-sj-o jjJj «uj T ^a^J ■" Jajlj 1 226868 I j _& JjL^JI r«L*_(JI 

. l-(jjiSl <!>-L>-jJI jJt i>- as. (JjjjSjJ 3jLl>- 
(jljjju (jl_sJ>o (_gi) r-j^o a I la J jji i226868 I J _& f<s^=-iJ! j» I La '" (jil 

^-LSU (j| i ^J_U^l 1 i cSHJl (j_« f 5 -*-^' 1 J^ * J L>-^' ^J*^" (j-* ^-"J ' y ^ ' ^ * * (j^*" 

^ Jjjjj^I t_^2lll ^1 *-3jJj «G^Lo i2j jii-l \-c£ i(_gjl i^-uJI J£wiJI ^1 4j£L<i 
•» i ajj Lo i^jm" mil ^Ujial I j*'* jjwi^aj i4_Lo L^jl^oSl Jjja^jj 4^1jJ (JSLii 

(j_o 4_j_iLj j iii r (j_o JJal (jj^-J -^ 1 o jj m.i "taL^JJ <j! (_j^>- '^i|>l' ^Jjlj 
jJjjJ ^31 VjJj . I i j Uj J}j-ij O' "-j-ijSjjiJj i_J3^l » jt—~ , ,.j V jjjjx.j i4l*j jJI 
jsjso jji djij^ L« (jl £' oUll i -i i n-»Jj ir-ljJijVI I Jui 4 »jjV-i i— a I iViSl <jSLol Li 

.(JLXJSO V Jl>-Ij 
JllJLa_JJ tlLlj" i"i a j-^J-o J>>- (jL«^=-iJI JJJJ 'O- 5 ! ty^'- 1 - L ^ Al Hill (j-fl^ 
Jlj* (_5-3j • ' J '"* j^>- V I JjjjJ l-*-^ O^J^ ' U -0 * * IfiJf^-] 'LxS h-LH^ f-^J 
Ln-uila L>.u^_il n_ij"iSU joja-JI (jx S^^LaJI I tuIaJl i La j La a. 7"lj-i3 '"'I La-Sclll 
i tLtla LLajJaa. 7"lj-i3 Li£ i (< fl-iiaJI £yi jl i njtl ^ .^ai) Jjjijal (jjlll 'L^- (^1 
il*LI j u 1 r j . (( a-iJaJ I (j-o (J^ajJI ^ i a a I) j^ta.'i/l Q^ill (_yJI JlajjII ra^c-iJI 
lj-°j '^JJ- 5 lJ^ *\l*\ (J& Cf^J^ ^JA}- J i 1 Lr^- U ^' C 1 ^?-^' \j-tb ' tLtla (Jl3 
»l olr »^1^" i "j I iLJa ' LjiLS i3_LfljJaJI Sjjajj I ^^3 2 Aj^Utl CjL»-ljVI (j-uLl3 

.(j^_4^e_u1 jj-a jJS «Lc^j_u tj i n j "^-J (jl l£JLLl11 
^LS^j aLoI LjLp-l j-4J «L»-jJijJi,l a^=-l1I Js>-'\ (jl J^o 'Sj-llJ Jl^vl (_y3j 
(j 2( tCjLajUU ^j.* 3j)^3 u-ilaju i ^ ,,."»■ it, I ^jLuJlj . 4^-i-tt3eJa ^^_L<a t t^e_5t_ia 

i_aljjaJVLa k. ii->JI (j^ jljdl /. Ij j La '"' LiJI (_,lr LiljacjjLaj Lojj^. i_aj i n-^JI 

^S mi l_3jjlj (jl (jSLx-i t«Li^ (-Jijlajl i la j la >■ 7-u^_j1 (j-«J . L^Jjjla 7c_i_cial (j!il 
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d.*gjuuJI u^Hlll qc ulaJI 

(j^ <i "*■ ' II (j-« (JS «LLo LxIaJl t 1 1 n'ie-i (jl (jS_4_ij i(j\^t_pt_i-£ajl «Lsj^>.j jl Jj.1 

(jl »_.U", , ,.\ jsja-JI ' aj-nicLj LoJ^ 4JLs idlli ^1 ^LiIsVLij i2JLlS.J 2jvjJlJ 

(j_a CjLiiiJ jJs S^vjJijJ,! aj^c-cJI (jl_i i La C^JSj ^^3 \l y,<- VI jLi-u jJi] 

i(j^_4-a j-J-C. j-ol JloLsJI I jui J!Lo (jl ijjioL>JI cJa^JI (^ LSLla i_2j|^jl1,I 
(_yol '^" "V 4lji nj -i^>-J D^-°l J ' "■~ 1 ''' O' ^» " "^ '^y>f^" (jul_jill (jV 

J>j^x_a I Jlj* (Jlj-J Vj i(j1_<tJ>o (_jJ! j-j-j-^ (j-'j' C 1 ^? ■ ■••"*] (j^ CjLJuJ JLS 
ijalsUJI C^S^JI ^ diiaJI »l <ilr <>j JjLJI aUJI .>L£k:VI (jfj^c. .JLto-l 

jLJLtl lJuLCj (jjiiii (j-«j c^jJI u-»ii2-i (_5-3 cjjSij jJs 4^-jjijJ,! a^=-l!! jjl j-& 

jih] 3^.j_tuJ J^laJ JuS Lx-&Jl»-| (j| (_g| 1 JjjjiI Ltijj jl i_yajLi] Lo^JS Lai jjjal^J 

2^.L>.ji!I jja-allj 226868 I j _& ^iJjJ.1 ^l ;Mt 5 i , <wTLi Lol .jjJtfl ^ 

I j_a <_!jL23 (jx. 2^>olJ i tuIaJI f^ S-j^LUoVI aaiajj I (_v^jtj i il\ 'j'« i I -(j-u£l 

i L^-j-a (jl i ii o^Llj (jl^LSLj (_ylll 2_LaJiill ^ & . I jjjlJo L>jL23 £jij\\ »\ iaJJ\ 

. I Jjj-uI Liij »l oUtl ^ ' laj (_g jJI j. t i^l I jjj f"^ 1 *-^' (j-° jL«-!l (j-o jLu it^joj 
i ^jjji^I ' . .^"11 (Ji-I^ ^jJI 'LSj^Is ( _ t 3 (_5-JjJ (J^-^" (_3-2 J I [> i~" "Li (3^ J^J (_Ltajj 

. cu^>- jLLlI (j_a «Lfl_uS ^ tljl^ , ,.l l_j^S_a 

JJlajJI JjL;e_j j_<k I-xJjUJ .j^t>-I 3^-*^- lt^I J,^-^ C 111 ?-^' - iJtJl -y C^SjJI 
CjljLiJI (j-o dijLii CjLlO (jl JJ^jJ (<u (j-oj 1 LJjlII 431 axis Jjjj-ual t—iLajJI < j"lj 
<LajIa 4J^>- (JjSjJ Jijjji^I i . . S'tl ^J| t 226868 I J _A (O^till ■»■ U . .. ( j J a itijiJij 
j ' '^j a i3^ljj (_pLi (_y^ 4j».| J daJL "" (_y*J I Ul « .>. il Jljjj 1 jLiJI (JjO 'LajjS 

.2 j m 1 nil 2 » 1S1 VI I j'"~ 

jj i^ill (jl C^jib jji-T >LlI^ diiaJI »l olr ■ ^A*,<| ,1972 j»Lc 2jL^J ^ySj 

. »l oUll (jiij (jls Li£ Luj^^jjjj Lxj>o (jjijJj 1 jijjj/I i_t23 jji I -(jj«s! «l>-L>- jd! 
» 1 j "t h-jjS" 1 1 1 1~ 1 L) ^jjjj (j^-x-i i^ jJlj 226868 I j _<fc /<s^a-iJ! (jl ~ us2\ J^ia 
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3^-LvjJI) (^ia^LiJI (3^j-!l (JjJbelbj (j .10 i^ill 3il£ jjja 3j_a 30 ^l^v «Gt£ 

1 I -jjjiSl «L>-L^vjJI j. t i^l I jjlj dAlitl »l olr ?=-»-j Juia joj (j-oj 'ij^' '"*dJ>J 
T J — <fc J}^-*-*-" f 511 ?-^' f- 4 ^J-^j- LaL^J OJ^i lS 1 -^' (_>ia-aL»JI (jj^JI lilli 

. jj-ui! i . 1 <n jj*226868 



Mini Black Hole jmmJ I 4$ri? I <-hfaJ t 

(j-oj JlJLo cJjjajJ ijj Jj Lcj^x-o jjS^ joJ ^1 «Gl_i dilil! ^Lxi^. (_>^*J (Jj-2j 
aojcJJI CliljljLa VI juuuzX\ Ijufc (j^a UJ-HJj joJj .(Jjufc .ijj-ul <_jJD ^1 Jijjlj 
. L&jSj^a «_o 4_u jLsJI 3jJ9 Dj'ji '- a - a '^>?**' Lr^ 

(j-« ^L£ ^jL) LJaJl Tc-Jajij tlju>. ^_l«_x-id J^oj_u1 t c^j -^o->-J ^jlSLau t(r*Jj_a_<iS 

. Jijjji^I c-cSxl I (<s^=->- jJLco x_o JIJjJ i«LujL>JI CjIjLuj 3iLjSL!l 

t_j-S_i (_,_!! cJj^>o lil ^ .1 o ."ill (ji-tjj^ (jjo l_Lu Lx^j-jmi Jjj i .I (_,U'q 

" la a Q ^p-« jnS 3 I Ibj la 3 ( -^ b<a > tt_i_c£3 2 ( * 1 jl uml -^ ■"■ cu^L«_a t « i n-*.) _^oj_uI 

«uL>J1 tfjufc (_}-^J t^"ioj"( i ( n I iJ7 J]^>- 4_j_L^j 2l S^Sjl ■*■ i ' oj i ■■ (j-ujjLim ^j-uAJuj 
L_iJLl (_5-Aj (j " 4 '"ill iisliiS (j-a 3j_a Q^ji-I 3jLa j-ol i(_p=j2l S^Lii 7e • l aau i " 
LJl LnJI »l olr (j a » j I (3^-°' JJ* '^*^ JJjj"2?I i ■ c-S-iJI 5^£la aI JlJ-"h huj . JjjjiI 
(jia^LiJI '"' lL>JI jj i iLflj (j^ i I 973 aLc ^^3 ((j^l i uS3 «UlaL*j (JHDJ UJ ' " ^*-*') 

. (j^^j i nil ^LsoVI ^^a Lj^ .'j"i.t (Ki'ij^olj) ^ »2j i^jJI 
Tunguska Event ^L&i$^lLi ^ 4il«A t'^U 

(I S> i iij^>oLj) ( _ T i CjJL»- La aLoI (^J^L^- 'jJ'j I- O^' Ct-^*" * ''I o' 
7-Ljj-o (j-a i flxaJulj 4juLtu]l 3^.LtuJI i u^ jj i a (J I o i"i ^^3 3Jjjill,l '"'I »^'~ i "I I J 
Jl taj ^-^LaVI » qui j»_4jJI I J-ifc ^^ . 1908 aLc: (o'ji)^-) >^W ^0 f_4J 
jLaji^l «_tal ipj^-o jLajiil Cjjj^o- I^ILo ^JbS I 280 ^l^v L&jJa3 «_Lj «L>-Lt^a 
CjLilj_i-»- (_5-^- (j '>>aj «L«jj/Li (jiaLLa (2>o CjuUlII Jljlj (<s^=-2 (_j-!l L^J^>-j 
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(jJljjtj JjL^J! jL*_aJVI I j_» 3j-3 ^JjJl-3 JlJSj . 2L>.LuiJtl dJJj ^yfl JjbV! 

•" J i "JJJ (3-3^ ~>*-y '0_J^' <3jj' L»-aV iMni IjJukLi (a^-iLj ^L&^l JLsj 
(j_o ^Ljj "^'jj ' ** ' "" J J JJ <"•• 'I 4_La da 31 i ■■"_' jlSj i^ySj-iSJI <_ijjj>jl (j-a 
(j^9 IJl»-I (j-S^Jj iJLuiuJI (_y3 *-3j JlS La Lj.iL>. jl x^jjsJI i_2jX.j . jL>-jJI 
Jjuj .CjJl>- Lo 4 fl^aa- i_2jjljJ SjjEjJI CjI »*'"■ , ,.1 1 J}j_jj3.| » U", , ,.\ -q_J jjjjLl!! 
I Jufc t_iLijjil (_yl^. <— SjjilII 3JjL>J, 4jolr «Q*j (Jjl cl^jjij i LoLc j ■''■■'- A 1 1 n1 
IjJljcj /aJ LoJ_t£. SjjlJI si olr <_i.-*.<j JlSj i L$l£ 2 2 La ' 1 I pjj (_£ JJ! jLjtijVI 

j ?Ti «-i jl£ Lii Lsj_o (jj»jJ j_loJl1!I i^iiii^ (jil ijLajLiVI jLSLo 3j_u£ cL&^a 

.,Jj^ (j-o «L«i«J! 

^yfl *ULi ^^m ajujuuzll jJl>J\ (j-a lj^u£ I-JJlC 41*jJI aJJt CjJls-j jJsj 
aJ L$if (^Jc cJ.i iSJsjJ! (^ SJjlaII SjojIjjJI (j^LIj ilflK jLy-aJVl 4ikla 
JoJLsJI CjLSjjso (j£. CjLiiuJ i A j » j i t-i Cj^I A i""t CjjLS LxjIj «Lpj_u CjL*jJ3 tjS>3 
^ijjJa Cil mi^LUI Cjjuj .i_Ljj_Li!l (j-o yLoj 3-J2 ^31 2j -» La mil C^j>o /ojI jjl 
jl_> '(Jj-aJ i^Ij i-L!Lufc jLSj . K i njjaoLj (^^ CjJl>- Lo J^>- niilaJI »l olr (j-u 

. jUtijVI C-^jj-uJ jLojJI ! jjt J£ llljjvf <JjL& tdjoj (jjl £-»-JJ l-MMltl 
jLtL*JI 4jIS La jjt i K i iijj>ou /_^ CjJl>- Lo j j i "*" JjLxj (_glj CjJl>-Ij 
/_^ (djLjLiLaJI) dJbc^j (JLoa (»fl (j-ul i n^l «Ul^L>- (j^ DyjJ (j i) i iiSla. (juSLLaJI 

jjt ijLjtAjVI < - ' j i ii (jl (jLilJl! TcLbjl jiia . 1973 aLc (J>L4) j > o~j < " j<j i"i 

^J|j^e_i aj U a i ^ ,^< i IjJuS jjuuial I ( _ T 3 ^jLc JjjjiI I . i Sjj ( _ > i>j'ii I a I JJa-i^a I 
1_oJlJ^.j ij—ljLjJI 4_Ljl_a «Lj_iiL»- 3j^ «Uj ij'ioj'i i nil (j-o Q^jIo (j-° JLswIJ 
L^J a JlLsulq I i L4I0 jlj^J! 3x.jjji (j-o j-jj I 3^.j-cuJ «Lu^3j2l 3j^-JI (j-o t— i^p^l 

. si i^inll fjS ^js*-] Ojua ^1-i'i-^.lj 1 LgJ3^i>-l j<u 
i4_Ljl3j'iil 3j-SDI j^»- ( _ 3 -3 (j-^SjJI Jijjji2| ' . JLJI I JUfc JJ^-° ' . ' ." "" ^J 
^tj -I .^ A tl ( j_ a cLcLajjl *L(j| 3jj^' U^' J J 3 kj jL^ajVI I jui CjjJLs. 
LaiLaJLa i|^>a-! 5>o jLc Jl3 Jijjj^I t_t2i!l ^L Ij^JjJ ^UUJ! jLcj .^j^I 
lLs a.j i VI A 50-40 (jlaj-C 1J3 a. JlJ^. (-JaiUoVI 1 La j >i 1 1 Jl mi JiImiI (j^ 
4_i_l^jI v2jI3_& cJiJl^v JlJs «uf JU V 2 flJaJll I ojui m^J • Li>C: 40-30 JjJa 
i_tSjS a I J La-La I (JL«Il>-l (jl (j^a ja£.jJuj iia-L>J I ^_^ Sjjjui '"'I 'lj La Lalj 
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Cj_5l_>. J J ' "- 1 " (J I JM t}\ J**" " ' nfl (j^ -1 -^^ J (J' «W"M ^-A i ^j_ui i t2Hj (_^J ^1 

ji Jl^v (^^^.ajjj . 1^-J^la 1^_al JJLu i 1 JL>- ^-jju-id J^oj_u1 i t2j ^_uQj IS t i)^>oLj 

<_*JLlJI (jL£ jj CjJLjJtJ (jl (j-£L«-! (jL? (_£JJ1 LaS i^LlS CjJl>- La jji I jjt (jl 

Escape Velocity Cj^LsVI <Lcj_<-u <j-a Jjal 5x.j . n t ^p^j^l (jJI «-3jjl Jl3 jjj-u'iM 
.^(^jVt 4-oiL>. (j^s o>ia^U 3-oj}U! S^j^JI ^1) 

p. ta ■ ■■ j Jij-^uVl '_■ agJI aljJa-ual Jlji^lS 5._.tVa 4jjLs" Jlijjo. :3-iLvVI 

I J I la I ' (_ya j ii" i in i n (Jj i(_Jjj>.| 3j-a -I i Za a 1 1 (_jJI L^S^IJeJ (jJ i«Lj-u3j2l 3^£L!I 

rt "i i i iij 3 I'll j tl «LLu!iL>- 3jJ3 LaJiitj-ijiA tU^v (j-a .}ljj,l ^1 j"tl (^ JL>-Ljj 

(jSL!j i jijjj/2 I ' . <JLjI (<s^=->- j • ' a ! L*Uij Ji^ 3 '^^j ct^ o^j^ ' S~S^ aL^UJI 

(^ .Jjj-uI ' . '""' J ""' ' "I I ^J *^' l£' i4_«^*»» j-j£ I <iK _a 1 -^3 ~* ' " f ^LbVI (_y^ 43jJ3 
. 4_l3>Lj (jSLxJ V j-al Lu£j£ ^Lio-la iSLuijVl Lc3^£ j£j-a 

HJjSLII /_i 2 ■ >■ "I »H 2al LaJI j 'I tal j; i oajj sl^j i nil ■ -la-axll LiJiaj Jl3 
JjJL*. (_gl) CjJljsJI (j-Sl (j-o *u-ui (_£l £jjJ>- (j-SL*J V <1JI (jVI jaLu (j^e-i3 

jljJLl £yj (3-lIuJI 2L*jiVl) 41LLJI ^sl" <jSUj <_a-j£ <j£Jj i(.j$jjiV! i_Jii!l 

I j* U , ,.lj i (j^L<u (_5-J-II JjL-ujJI .sLjcjI » jU" , „'. ( J^£ . ,4ii.l.i *-3JiJj (_ylll 

■ S^l^j i nil ■ -j^S-JI (j-o 2al laJI (_,lr J j ua^J I 

I juk (jJLc 3_iL>-^l (j^-<y ^"-k-^-u^JI LuLo- ^-LulsIj Vila jl>.1_L) 

(_yJI S^U.1 (j_o (jJo (jl-J^La 4_«_ljl (j^a tJj-Sj La J^xJ jn< i"ill (jl . JIJjjJI 

.. I glL»L (_y3 l5>*j (j^\ ^Jj'j^*^' ^jLJ-^' '"'N ** ^"^ ^jajUc^ i^jjlj J^ 4^LL> 

(jla 4jLo J£(jij ,j^ <lj| (_gi '/. I (j-a J^i t| j n o Mill (^ Cj^LcLfllll <> JJt S»Lfl$j 
(jjJI S^UI x-a tiili (jjLSjJj .4aLL ^yJI JL>.|j (jJa (j-a Jal J>»Ij iSjUl £yl 

. I ^jl j j ''I pLuI 4aLU 4i^.Li i jjjji^I t_tilll Ji-lj (^1 S^slj^ J*C luj x^Jljj 

i3^LIa (_jJI (Jj^cJij ajLil ojui (j^ a6 (_jJIj^>- (jl CjLuljjJI Cjjajiajl Ji^j 

3*Li^ j-5-£i jj-<-u'^l i_i ii"ll 3^j-° (J^ - '- 5 j^-" lt-^' ■>l>ll o^ '>*■' ct-^-^j 
3_jjIj^»JI 4jji>iJ! o^LcLolILi SJjLULi i^aLU ^1 SjUI Jjo^o (jrLc. SjJ^j 

SjljjJI ^-^ »1-^ I nil * IflilXjl * /.6J1 d I I ii 1 (JIjUJJ .(j no ilillS I la I "j" rt (C^O (_^ 

j^jb I mi i"t (_yjJI »Ij>j mil t_jj2iLll (jl jl^I^JI (_y3 (j£L!j Stationary SJLjLlII mJI 
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3jUI (Jj^j>o 3«Li£ I Jja JtljJJ *>rh^ 3_Cj-i-uJ JJJ3 (jl t-^^cJ ' *j I j ' 1 1 Ajja-JI 

jL (jj-llaj dJiaJI f.\ olr cJjls. SjljjjJLI 3_Lx^ii!l o jl*j . */43 (jJl^s- "talis ^1 

. (CjljjIjSUI) a^clII al j Mil 2al LaJLj Jj_p Ct-^' (j-* t*l-3j ' "II ' -IJ.2?tJI 

JlJLs .(j ii o mi II 4 l"S (_p-o Q^-lLo SjLoj <_2 2l Sj LUC (j-U <€lLg f-^ I LjjJJJC-O 
3_j^jjlj '"" Ja-j-i (JS ili (_,i^. i<L21aJil ojui /yi 2al tail jJuuzjs Jj»-J 7" ijajl 

. «lj_«J>JI Lli^O «UjIiIj 

(jl (JA-4J ' a xS. a iLujjui 3^J-° Lr^ <_P'- <k Jj-"-"! ' ■■»' (jJLufc (jl£ lilj - 

.S«Qj_u1jJlJ (*3-iiJ 
i*lj_«j>JI cl^o 4j>ji2lj Sjjj^IjJI '"" <>» -ill ( _ 7 1^. (JjJlaHju diiflJI »l olr (jl 
I j I Jtj V CjLcL*-JuVI ojuij . Lu^ja-o 3^>° Lt^ '^Jd I i<* S^SLs - gjl l"~M 
*lj_«^>JI cl^-o CjL*.j_I,I (jLj »l o I < II (j-a-JLJ JLJ3 JuSj t3J3l tail j. t <^> «i (j_a 
V I Jui tjSUj 'taJJ^Jl jW*-" (1)-° < ^'- a "tiL*-*-" (j-« J JLloj (3jjIj^>JI CjLvjJ.1) 
jLaJlII I JJt L ^°> 3jIjj>JI 3-a-j-i J-^JJ J-°l-C. (j-o JJ V jl 2al UJI j.i,/mj,„^i 
i_Lll_L<fc J j a , ? lj_<tj>JI l!xj>o CjLvjII jljj-al ^jlr Ij-ilJS OJ^i U-* 3 " Ct^3^-" 
oJl^J 2 al U 1 1 I j i , ,-. n (j tSLi (jl (j-S>-4-i l-^^?- j^J-° ct^ JjLa Jioj-uI i_c2j 
^IJljLj i JlJVj-lo 4jua[se-i j-xjj (_fljja^>- (^ySLLall /oJUJI aLJS SSJjL^JI 2_iLa- i nil 
Gravitational S-ujL^J CjLvj-o CjJj>-j jJaS . SJSLcull ojui J^>- tlj^l o-^ju 
' .'L-' '""^ L<kjLj^.l (3^-4-i CjL>-jJkl oJ-Aj i Ljjjjc-o jij-o (j-o (_jJLj Waves 
' .'L' '"^^ 3-* ''"-'^ fj '^M) ^j uai\ 3_cj_tuJ (jiLaJj (_ylll 4jj!iL>JI CjVL^o ( _ t 3 

La i_2jju (ji^ i(j ii tj i"ill J-oJ J^ 2^st-a Lu^S ^LoLc ijJLufc (jl (_p3_^iilj 
(j^j 2_3Ltuil » La Sj ^ySLI ^j JaJJ AJ^UI C^aJI J-Aj i^LS-S (jJL«J JJtJ VI CjJLs. 
J^2 (JjL^J (^LaJ 3J-1 » '>>"> (j i i a i" i l l l?J-^-° L ^- i C3-^-J 'U^J^'j (J "4 *<t l 
4_ujL>Jt (JL^o r ' floo-l t-iljJJ jl (J^3 (^jLSj (j-iLoj j o"u uj .j_loJGJI CjjJL>- 
^Jl L^S^LLaJlj L^J^- (jljJjJI (2>C (jlaj'^l (_flJSjj ^1 (^jjjjj/ L<t« i(j.u^-L"a. U 

. c 1 1 ^ ,M I ^jLuil 

Jl>-1_uj/ i(LJLLo /_^ (j no i"ill r ' ^"--1) 4_uiiL>JI <_1 1 kJa-L^s I (jLa ijjxl ( _ t Julajj 

.(_p3j2l <_<iji ^1 (Jjj^a^il - j i a 1 1 ^J *~ ' "J lS 1 -*-" C^»jI (_>»uij 
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3jUI i Laj 2 i " (j-o Jl L3j-ij-ij-tuJ! CjljLajjjl (j-o 4_uiL>JI CjLv^o I lLJuj 

aLJSLS i4_LjiLj>JI CjL^-j_o » j~~ (_£ 3-jL*_Ll «Uj<_co (jjjj) <U^ dulSj 
L-Aj— l- lS -j /c-J CjL^^JJ 0Jl_A (Jl ■^" i ■■ 2 A^_u_a^J 2l (j_« ^r U -<^tt-<J3 (j«" it ala i ul 
ijJLo j I jS (_iJi (_jJI^>- (jOJlala i ">l (j-GLi (jij 5Jal i nil clul£j 1 1 jIjt - i "~j 
. lIiLvjJJ (»^ (Ji-jGj Jl3 f.\ ija-fl-ll (j-o (_pijj m "i (_gi 3-!lj^ lillij 
( _ > l3j2l <_*£j£ (_jj! (_j3Lj 4_uiL>JI CjL>-J^ (jl (jjjj) jaJL«JI ujLxj (Jjjjij 
«LujL>JI '"'l-^j a j, ) loj (_gjjl j-tb (jl£UI I J-tb qjjJij (jli liLa i Lujj*-a 3^J-° (j-° 

. JjLa j^j-J c-mJ 4 ^ l-~t i I, I 

JI^j La o^LIj . aLc (J^ a^cJJI i azTjft^lLj jijj-o^I < .ii"ll I jjt q\ t_<jj Vj 

Jj_ujV| < . S", II I j_<fc JJLo ->>^-J (_, If *_LLs JJ-i jl tv.M ^ dlLaJI »l <ilr 
. («_iljJI (J^aAll (^ (Jjj^aijJ Li j-o^l I Jlj* (_pijal Lu u) Lcjjjx-o 3^_>° (_r^ i_PW 
7=-oL»- (JLji- -ij^?- 'sljJJ-u t_)J-2j (Ji-I J L4L4SL1 CjIjjx-o jLl^jI JJ^jJ J^9j 
Cjlcjju*-o ( _ t 3 4_uj-o _>££■ 4]jLifc CjLlsSj jlj^ -!>.>>■ J (j-^ i_P^'- i l -^'-" k (j^J 
SJjS-o i<Luj_o julL a i La ulilj^JJ ojui (JJitljj Clusters of Galaxies CjIj^J.1 

. «L<U-*-« Cj1jj?c_a L-4-1J J) t iJr i^ jLlCJ CjljLc. (j_« 

itljjj-o <-;-ij-2j (j-° 3JjSLo i«LujJ,l j-j^- 3-iLll ojui ojS-j (jl (JL»i>-l (-lIlL&j 

.(j^SLII Ijufc ^ (JjjSLII 3 jinitl jj£i L4I0J 

(j_a ilj_j_>- ^ j j^ n ^(_^-^ (J '^* ^ II 1j_A (_^b (—S^-x-iojJ,! Jj^j_uV| ( (JilJl (jl 

» ilSj (j^ (JSL! Luji^. 3J^jio S^Jiil,! jjjLlillj ;j<JJ IaJul (jljSllajl jjij "l^-J 

* )Lj> i^>t y _t-g- rw (j_a ^ I a i2 a (_^-Aj t(j^"i i"i i it >-j 1 uaS t 1 1 n"^ «Lu jL>JI 4jj la ' ) 

^LalS (J-ujJ tl Jj-cuJI <_!j^iJI jj£, (Jj^cjJIj i3-aLc cLaj^aj Jijjj/^I i . lS-JI 3j^Iiu 
I J 1 a » J AJJJ *>i-" tijl-SEjl (_5-IJ «LjiLa 4^»-L>- iJJLlA Jj ijjl^v'iil (j^a (JL>- i^Lj 
iLj-iIoLj^J! CjL»_i2| /j I c j^>-VI I J .>.»i aj-ojj 1 Jl^ojJIj cliljuti 1^1 II (_,i^. 
. ( _ > iiAL«JI (_jjjSL!l jJiJJI Ijui joJLjla •» Jajj (_^J iS-J^-Iiiill 4_ujSL!l 4_uuj_LiJlj 
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d.*gjuuJI u^aIII qc ulaJI 
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1-igjuJI ujnjJIj Od^~" 









T>1 






5 



3 



3,4 

IS 

u 

I 



7« 



a 3 



=1 



216 



d.*gjuuJI u^aIII qc uaJI 
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1-igjuJI ujnjJIj Od^~" 
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it (J^jX. j ^_u_a ^_A La <_p (2>^ 7" '^"^ t T^Jlj g I uaAJl (3^J 

(_yill jIj_<ji2| l j f js j_uSJI ( _ > AALiJI (JJ^JI Lt^ ij'j ^3 
• . . *~tl ,t| j taJLlI (2>S>-a-i • JiJAjfo tJa-u I g-iL: i_2jjLLi 

tjj& 2 S I . t I 5-jjl Q III II d III -V^/l t_Jj_C.LS JlJ_<-U^M 

I j'a \l . ^j La ( JS ■* j" I" «Luj£ flJLLLa O 'LJI id i-^.MI 
S-Sj- a- in 1 ,1 dj-U l_£-i £ , I" <i " (ji Loj 1 L^ijjia ^ 
(_,!>. .(-Jjj^jl ^2 Jysl ^1 L$J (jj^j V jy* ^LikJI 
^j-« JLaJ-j (jl » j Iaj 1 " 1 2 4j9jL>J1 «Q^.^_taiJ pfl-uaJt 
. ^jjji'iil ' . JLJl ijJLiJu (jjlj-J 

LULc liJpJ i.Sjj-u'^I i_Jii!! (_J] 1 La j gj La (J^ ji 
3iJL>. 2_&L-u tLul <^'a Sjjir-ia Ji-|j ^ JliVI ^J] 
tjV <CjJ-jtJ IjUi J^ .(j-oj-II LoJSjlj tlc-p- iA>LlaJI 

(^ L^jjJj jJs (»>=tJJI clu\£ ^pJI v^jIjUJIj djll 

I " 1 V> L>- 1 J I'll llJlSjj <".Ui i>hIj CjjL^jl _L3 . d ' -T r 1 1 

^jjj i«LuiL>JI CjLv^o (jjz tLuJtj CjVLa-aj I j . ..A> 
/<JL«J 3_i_tu_iJL3 dili *_aj . L$jj3» La J£ ^Jx. Lgj 
yj-itaJ I I Jui jJljj V lyLi^aJI J^-aj (_yk ' ^*„' ct^2 

.-I 1 a a 1 1 (_,_$ ^LaLc. L^SLj^ (jLa 1 LLb^tla ;»jiL>J,l 

j_Aj Jl-Ai i ii t ^jj id.^ i n II » «j d-dl ^JL>-I Oi Li Laj 
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rj.^tl j dJLu^j (^jJI iSJjLgJI <_i Jl>J! SjiJ ul\ J-»-jJ liili (^ l_<jjjJ!j ^yjvjU. 
2_i»jjUtl (jiJljJill tLS^LLsLi 7t o i ii* I or 'jrA^ <J^ Jj^ J^-^ *J p " ' "" ^^3 
(3^1 (jyi^ (!jLA5e-a) t_*SLjjSLII JufcLij ^yjvjUJI i_<~lljJ,l Jtj I JL^lj ."LSjjjlU 
(j_a sjus. (_,-3 J>jj-u2l ' . .""II (Ji-!^ f-L"jl J^ '4 "j"--ll ^^3 jjfc Lo-Lu CjJoJI 

.*uiiiJi 

!ju>- "j_<_»-j (jjS3 LoJuX. i4_oLui 4Hju jJ-j" ^IjijjjJI <_!jJj!l1I l_uLS I jlj 

i_gl -i g" l* L#JI j^oj 1 1 j'" Lbl^pJsl jJx. Lajj^^. jujj La (jLcj_<j, L^JLs 1 [lc 

^jlbv-Lltje-Li-a I I J iS> Ij "jL^-Lo 4j-uj£La (\^>«-! '-"jLaj L^JI La»- .. L^-Lo JJjJ *(_,-"/ 
U^sj-x3 (JL<ij->-I jl .(_£_^>-I (^3-^?° 1 -^-'i-3jJ »l JjaII (_3 Sju-ia a-CjjJ I Ju*j 

^Jt> 1 Js^-j-ui * »_"-" ^ U , ,,1j t ^1 j" I VI j ^ ,^.t i^Iaj 2I i t£^£ <_ 7 "^>- 9 1 j'io Mill 

1 aj"\j II j- . j , ^ 1 1 I j_,fc (_LxJ, LLiiajjt" 3_ca^3 (jl dili . !jL>- (JjSjIs JLCia-! 

/«^>o x_« L_L«1j_t*D (J L<a- " - jv Ll ^-A-Q^-SJ 1 ^_^ ^j_ul i Ji~ Jjjj_Ls <_^ 3j-tuLj_a 

. L(jjj?E_a (j_« ' JJ-2JL) (JjjstlLa ^_Lt_uo 

1 -l j "Ml J_>.| «_a LLolj_ca <>uu3j£ (jl LjLLaJI »l olr (_pmJ (_£_>i * li-VA *-oj 
'(JSV' " 4-fl-jIa.il ) alttlaJI (_>iuu CjjJl>- (j-o Ju V L*J_i£.j CjJi^o Jl3 i«l JijjjJI 
(_y"-ll (j-tb ojufcj ((^jlsj'ill c- 1 , ,-."j " JUJUSJ! CjljLjtAjVlj Sj-oJlII JjX>" l_P-° 

.(<uiljJI jJaiJI Ijofc <—ijJL} UjJaJ 

Ajj Mljll (jl lljjjjlj LXjO ^Ili I *l JjJJ/ t—lJ-Sj LlJjJ^O ( _ T 3 L(J^>- (jjS-J Jl^J 

i(jl_«_oLj (JjjjJlJ (jl jVI I i-J-Lc "-j-^cJ (j^J '(J^ 2 (j- J-^ 1 ^' '' Jl 4^ (J^* (*J 
IS 1 ii^jou f_^Z I 908 aLc ( _ t 3 CjJl>- Lo£ Jjjj/I ' _JL) «_o a I J La 1 a I CjjJl»- jlSLo! 

LaS-3jl»Jl1I cjuV^Ju (jjiLjiSj 4jlaLjlj jLjSLia jLiLc ^j^j "-^^>- * \jj .'J ' ".' 

SjXJI I Jl^v (J-J-3.S Jj-<-ul UJJ t 5j-^*"' j-i)'- 1 -" L ^-'- 3 (jr^ 4JT-(JjS (JJJ Lj^i 
.(_Jjj>.| 3j^ r I LtaAJI ^1 ^Lc j<u Lcjj^ IjLjtAjl ujij*^ I'Lu^sjil 
«Lcj_<tJ>J,l /TjLi- j '" ■ n-ll L*JLij (_r^ (jL"-"J2(l (jl I i^ajl <-L!jJJ jl i_jjajj 
^J 1 1977 (i_jT) (jjjojjtc:! ^ 2-j^EJ^a <Li£>a 3^=>1 T^ ^ i4-LLu.o.L"gJI 

f.\ <>i^tl L^^JjjSJil jL>o! pjijl cjjc>JI 1 jut jL^j .2 j. n o m.II 5x.j^j>J,1 ttjL>- 

(_jSjS 3-5^ (y *'>jl^) fLuaAJI (_," niii ii Ja^j^J 4joUll 4 jo ital Lol i(jVI ( _ 7 J->- 

(JLo/jl (_5-<kj l(JLpJu sLjjIiI L-Uj^ Lli^J ^1 L_<jLS l3 "j"^ (^^3 (jJlSia l7CJ^i! 
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<■. I ■/! A I I ■ Q A K ■ i/ift 

.,_p3j2l <_j£j£ (_jJI 4jLi3jJI ClLajUU (Jjj/^jj ( _ > iiaLiLll 

jj-c (jl_cu_iVI cjVjLa-aj tjlj o"r i ii u jjI^jj guSLLa] I cjLjtjal 3^.j_<ji (jl 

.*-jljJI (jjSLJI ''- ,LJ * (_^ r i_3jjiiL! 2JjUe-a (^ jljJaLi aj n" Jljj La -• I .>»*tl 
4-Cj_a^>JU TTjLi- j-d-uuJ l_LjVjLj*_a (Jjl /j j '" 3 Sasc a 2jjl£ Cijbo JlSj 
■ -1 a Sj 1 1 Jl^^ iCjJl^JI (3^1 (Ji-l-5 LaL«J r I '^ a 2 iiii u /- flj scj (jL^ t2j i n o Mill 
tUaj^i. (_,!£• Sj j t-> -- II <LiSl JanJl JliLl^XI ojufc Ju^ajj (ji "-j-^-J I JJ • ^IjijjjJI 
( _ 3 _uu V I J j I ■*- i j . uLiaAjl Jj T~ ( _ T 3 Lij^L»-j ( _ T 3 I j ■ ' jej ' i_^>- l*U ij i <Lul Jaii 

U, cdJij I j'"* 2 » i nLJu cjLsLjixj ^Lj^sI jL*jjV! (Jj iL^Ic i_alj^cJVI Jj^*-a 

.4_uJij>JI L^JjJS Sjui (jj9 oLbe-iIajI 
jL«_ll I j (jLi '- 3 1 *i 'J J *»~" ma j-al (jjSJij J-&J .Jjj-o^l ' . c-S-iJ I 2-JJj (jl 
(jjjlj 2jLa (_ 7 i^. (_£jIL>u SjL^-La 3j^*-o (J5-o 4-oj^>- ^-LlJ (jLS >^ Lr-^J • £ ^^ a 

<j-La i^LjLa jj_ul Ljjj (jj£<J aLj I jn>ij (^ ^li'^ej (jl <j5Laj (_^<-ilj 'f ^? 

«GJLLa_La /. I c (JJLjJ.1 ^j uaJl SjuiLfux-i (_gl-2j^L«JI «L2j^LaJu «LIjjj ij^-a-i 
4_Li.l^ ^^Jl 3 j I j * 1 1 SjUI (jx. j J 1 aj (_ylll CiLcU mi VI 2 U , ,.lj . J '-^U , „jll 

(j^Lxj 1 joxii zl 1 . iVill (jl£ lil I t~ JJLiji1!I ^1 I jut Ljjjajj . 2_alj.j jSLJo ,«£ 

.S(_jj£ (j-a sLii^. (jl£ La Cjjjj (jjl^JS 2j| i0*ljj <-^J>y (1)1 
pLUaAll u$ ja 1 nil JjiTi 1 11 a (jLa 1 J_; xSJI I JJt £yl (JjJj liJLut ^^SLi j<J I jla 
(jl iJJjJlJ (ji 1 _i J= jij j-La^jJI—i I "j a -* a (j>^-d '^jn'O *''l 2x.jjjj>J,I 7TjL>- 
»(_, mi M,i A I J " 1 1 jl t\*M ^a JljjijJI .-I JaAll (_y3 LU 2jjj^ila IlSI '^^ ijJLufc 
itjjjJI Iji^J (J-ujJ i— i3jj,l (jSLIj .CjJl^JI (_^£l (_gl iLiiJjjL>- £yl <_j^H2j (_g^La 
Curvature of »l_La all ^^Jbtla ^^3 Sjix^c-a <Gl -1 '^; tiJ_pj JijjjiVI t_^2lll (jLa 
.(^jvjLiJI /oJUJI «_a jjJlj»JI (_£l cjJoJI (J^' ?Tj'-* - 'Space 

(jl 'JJ '^~ (J-^ 3j-^ CT-^' ^jW^? 1 ^' "^y- 5 ^?^ ^JJ-uVI ' . Jojll] IjLjfc )«_<J|JJJ 

4_i 1 La j -- 1 1 f-\j-a}\ LxjLSj i«Ujjv (j^ 4_uibj r ' JaAll ji (^jSLII plj^JI mJjJj 
r ■ '^* a Jl 1 yjJ-a Lclji (Jojcjj (jl » .Jaj 1 ■■' 2 (j^e-ij . 4-mAj (_yl^. (_ T Jbc_bj JjSij 
(_y3 «Qjej-3 C 4-jJJ 4j CjLjJj (jij mi'mV 2_aL*Jt 4jj 1 u ill 4j) laJul (jS-Ij . Ltlse-La 
' ■ ' c J "' ' " ' _ J • (tJuSJl I J^J* ij'^ 1 ?- '"' ' "J^ CJ-^j) '^J^J' >Al ftloJI ^_)^»_' 
AJ^Lt ' " '. I ^jLt^a j^. J^J *jj^3 (j-a ' ^ ' * '"■ JJ ' £U 1 (jl 1 nlr i(jj*_La g I 1 ^* a S^SLs 
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j-x^>- jLuui j3L1j I oil a ii_jS|jSLIIj CjLiSjjSJI ji i » I uaal I (j-ij-u Cjljlj^a 
' . i S c CjJbjl ( _ > l3j'2l ^1 _jjj .(_p3j2l 4_j_ijL>- 4Ja2j "~j tl^JI (_y3 4-> (_ all 
J * d I /yJL a e-Ij ^ji ^j_a 2> JlJ Aj^LLutui < Ia.j» ^3 3 i3w-uLj-a ^j?ej>J1 *L^J1 

LL»i j^^^JS ^Jj . ^Ltje_i 2i1 SJljIu ^yjjll d^- 1 (^ ^jlj- Jjj-o^i I * iSajj\ (J^>- J-A LsS 

JiJS LAjI i n a (jf I i 1^ ^ V j iQ^SDI jii* ( _ 3 -3 r I <>»* 4 niii ii jL<-»i-a f-JLjJ LcS 

f. I i^a-aJI 4 nrt i ii f-3-i Cj! Jl>-j (JjjLSj i 3 **£j tlv^- <— flljJejVI I JlA < < < r aJ q] 
iLJjl i nil I ji^J <Lj^ j^ aJ (ji (^SLa-i (_£JJI i JLp-^II < m i nil (jLa -i-jJ^cJ L<4^ J-«-»J 
...4 i j itj-11 4_uLiiaji]l Si U-iiaJU <_ i^JS ijjjjejj A nii i nil oJUfc jjl j_& ii_jj^JLll 



Black Hole Rotation *£tf? I <mktil\ £l j§ * 

j^^c 3jLt£. ^_a Lc_il ijl_^_La jcjt-iio f^*-* (j-* Jj-*-f 2i t J2HJI »^ i"i t TtjjLj q\ 

O-ijJsj j<U5c_(JI I'll^j" 1 aJ LaJiJuLS iCjJlJ*JI jjj^l (jJJ^-J f-a 9 J/j-a ( _ T l>-lj ^_j a Laj 
..4_j_iLLll (j_a Uj^- f-Lp diSLi 3x.j_tuJ 4-tuiij (_ T 1^. J1-4JJ i^jJaLi ^^3 (_gj|jjjl 
Ju£ (_, I -»-l jJI i _yai2ul\ (Jj^J i4_i ,_^oL>JI CjJoJI (3^' (Ji-l-5 l^2j "_' jiSjii^j 
(jl x^jJLl.1 (j-a (JJ-SLj 3_)L>JI ojuk Jila (_y3j .4 1 11 lit J^>- Ijjl^ f<s^*-<JI 03^ 
jjJj LajLJ^. LaLa-i Cjj-X-J IjLjij ijl J J izl jlj I K njljjjJI I Jui 9j-u±£, 

.dpi n"%. ( uL>- (_2jl «Li£.1j!i Axlaj LaJLt^. p^j_ui 

,-l ,>.AII ^a jL^itl (asc-cll 3jLa(j-a Sj-uS d j 1 11 i I Ijiia i_*jjjiJ(jljJjJI IjLjfcJ 

.(J^j>JU (Ji-I J ..o^ljj ("s^-'JI 3jLa tj aj 5e3j iCjJl^JI (3^1 (_iJGj Lajjc La^ljj 

(j_a (j-S>-Ij 1 JjLja_a (jLp «U (_)j»jJ Jjj-o'ill ' . JLdl '■» . ^"v i"i «U /j la »_' (_g JJI J-A 
^LSLj_& iCjJlj>JI (3^1 J"J^ JtA3tlI.I i\-u^al\ sLbtJl ^^3 Jufel 1V1 q\ ^jClxW 
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<■. I ■/! A I I , 9 a k ■ i/ift 

4 _ y !lllj i/ojaJl! 3j_L«Jk! CjI o i nil (_p Lai . pLLaflJI ^^3 aj lJujI I Jl#j j j Iqj i LLl«-o 

CjUJ^jSLI^/lj CjUJJJ^jJIj CjUJ^pJ-uJI J JX. pJ.qia.qS ljl>- 1 (<U>0 (_£ I (j£. 4^JJ2J 

JLftl mi 1, 4 i i n i ILj LiLU-a j ? .->" Cjl a La] I jjui JS13 .^jLiajSLII i_ij^^l!l jl 
. ^Li^oi jL#Jl (_£ JJI rn i m-»J1 4 » j j la (_,i^. i— 3jjLu (jl «LcSL«j 2j i^y^-jLi- 

^jjbv CjI jJu (julj^JI ojui Jl>-|j .(^^j^I 3_5^ 3J3jyJtJ.lj SioJUl tLtit-LiIajl 
. Jjjji^I i iS'll (Ji-ljCjuj^pjjjJIj Cjujjj^jJI -I alj-Li (j I «"j j-^j iLufc^S jJu 
I—LA (j^e-JJ . SjjJI 3ljj (jj^-i! ' '-*- a SjLc f-osxla Cj u j^jj-uJ I j O Ujj jijj Ls 
.(JJLallJI Jl^ I Jlx>- I J i "■-" daAju LcjIj j i_£jJ (jL> i(j-U!jlj j^^j'ill <_j£j£ (J_J^ 
4_caLi- Sjjijj 4 < j j La ljUTlsj C^JaJ-La I t Jijj-uI Ljjj CjIj jJI oJLA Cxl>0 lil (j^Jj 

jl ^^LJaVI lr 3jLo *-j '^" >La i(cjJlj»JI j^I rjLi- jLjiLil 3-lx^jJLi) 

ja^v^Lljj CjLc.Ij_<LII ( _ 3 _<Jj^Lljj i3_jjjJ! <_*-pl^ill jL^Jjj Cji iac i"ill ( _ r alx3 

(j\-i i 3_j^_aj^>- j Sj—ljS 3j>^ *4*-Ij^ j «" i M > (jl LlJLc JiSjii^j .cjI oj i n-»JI 
.j^v^jM (3jL»jjj 1 1 ji^Lv (j-o_)JI ' a-2j tixjp- i_xjjijJI (jlSUI dJJij ijym LULc 

jl , - I . >. A tl 4 ijiii ii 4£j-»- (j-o jjjLj «Lcajill ^Lbe-i! (jLa i LLu Lq£j . aJjuMj 
Ojui jLcha f-p-* ll^- ' '^ii • Jj*"^! ' ■ lSxjI (j-a-l jj i ii t-<— JjJLlu (JjjJtjJ L_iSj£ 

.4Jljj^ 3x.j^j/j .ijj.u'i/l ( _* iTi 1 1 3Jj£ 3j3jjla (jSLiil (j-o (jLSLJ i4J3jj 2 Llj . nil 

lj_u£ La^Lli-l • fljljej ijJJJ (^ jJI Jijj-ojI i_t2TLll (j! 1 1 Jui (j-o (j a I se I j - 
i -1 j fl-lJ I ( _ 3 -3 I i^l-j! Jl^j-^j CjJlj>JI (jj-3l_3 .iJjj_aJLj V CxJU Jjjj/I i_tS3 (j^. 
till j (j-o «L>-Lji^ jJLcal iSj_L>-'i(l 3JL>JI j>JLA ( _ T 3 (jl£ (jlj iSjIjjJI sIjijjjJI 
CjJlj>JI (jjJ3l jJ(j^3 jl J^io i_m "LlJJj i«QjQ]I ^IjjjJI i_j^2!iJI ( _ T 3 (jjSJb (_£ jlll 

j_ku "i^-j (j-° _ i Jla^=j-o -^ j i aj jljjJI («^=-iJI jL^Jl I Jl «ul i(_Lta (j-° LjJLa 

JJLu (jlll 3jLuUIj iCjJl^JI (3^1 ^1 J-^aj (jl JjJ2 dilij-^yjvjLiJI JuiLALI 
j?) Ergosphere j j ii 1 115^-j V I jojjjI L&lLc (jiLsl Jb'i/I ^yJI Lgjia ^3^ («^=-iJI (jl 
Jjl jJljJ I i it j 1 I_L£L-u (j-oj-II «Lii3 1— i2j (_gJJI (jLSUI j-Aj i(3Jal LaJI 2 SJaJLa 
Luj L»^ 1( J.lSTlhi.U (_yJI (jl in'iVI (_LSjj (_ylllj Time Machine (j-oj-II 3JV 3^><J. 
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CjI j*1 tl JL»- «i i ill Lg-LJc (jJLLaj (_£JJ1 jjrn n^a-jVl 2_aL>. (_yi^. SLpJlj 
<LaL;e_> 2 aLtaJ I jUaj.al ,j-a * ( _ T ji 1 3j' a u-ujJ 3-Sla.La ^^-Aj Stationary Limit 
.(j-ojJI t_j\c Qj Iqj i iJlj 4j^sL>JI till a Lall J£ L^J I jui *_o (jSLJj nilijL>JI J^S' 

(3^ I j jj-ii-u^-jVI «lj->-i crv JlajJ! (jLa ijoj*j>JI (JjL* jL^lHI f&^till o^ ^jj 

3JT j_o> (jLSLl,! IJ-* O' L?' J .' ""' ' " " (jr^l J-^ '""> O^ ^4^ '-*! '^ *L2-JI 

ul\ Ij^j i^itl cjlc: j UK ijjju-uiil ^ UjJI jjLJI <_ijltaXI SjlU cJLL I oK 

(jJI Sj^ojiJI 3jjj>j-3 Ji!.3^2u-u IjlSjfcj .jji-ii n^a-jVI (Ji-1.3 (j-a t_il^p^VI i_j^>-j 

SijUil 4-ujUJI cjIjLU <UkJL> 3 i^ajhHI 3_uiUJI ^j l(jr a-jUJI ^JLtJI 

. * I Jig i nt 1 t la dj 1 1 

SjiLo i ^ 1 1 1 11 I r' '^* a <l niii " 1— Sj^eJj <_i-0 4Jo3.^l " jl Oj-i-ui c-c2j (^ JL4JJ 
^j) jl , (j"*"'J *T" ^?-^ c ' O'-^lJ Lo-A LX-ll i L^jJu^LtiaA (j^-X-s J z< JjJ-o «L_uJkS_a 

t >-j 1 --^ ^-«i J-^J t 3 "~ *-it J s- U ^i-«J 9 ' t^aAJI i _ T b ^1 Ja i nil t <j dj 1 1 tjjSj ^jlSLx-i 

L-iaJLuJ (jjSj Ji^ (_ T J-!1 4lxIL>J,l CjIj_uQJI l*1]j jji «U^. i °" 1 se 1 1 (jl (jSL«j Lo 
I j I » T""j Uj Jojjso ( _ 7 -l!I A^ja-iJI lr lyLi^aAll «L»-jl (_y3 3_cjjJ,| t »ljij , nil 
oJlj* CjJ_fl>j_ii JL^j d ^1 1'-^-t I Cj1jj>J,1 (Ji-lj (_y3 4-»iiALi. «L2j_>iiJ liJjjalu 
Ja-a-jJ Lo5 Elliptical J*C ui tl 3jjl ilagj CjIj^>J,1 ^^3 3_caL>. 3^xaJ 5j allaJI 
jl jLi-ll (_.-»- 1 11 (j_o 3_jJLi. L^J'i/ iCj1j^>J,I dJJj (^3 2_H>° >^- 3jLa ^5^-j 
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<■. I ■/! A I I , 9 a k ■ i/ift 

CjIj^>JU ( _ t 3 tLtaJJI ajLil dJJj (jj£i 0' (j ' "** *-° • '- a '-* ^'j-^^H-^ lj-*J 
(_p3^1flj (jl /yjt-txLaJI (j-° (J*J * L^jjLo (j-o '/98 (_jJIjjv (_pju (_^'j iSjjl < P~i j i T 1 
aj^jcJJI (- I c j—ljLjJLi (j^ajieJ Lij^ VI LjJ Sjjfclli j-lC i«!j>jj-u t_JJ-23 L$j| 
/. I c L^jljivLi j\-l«2<3 4-jal i^aj-tJl 3j^>«JU (jlj 4_uoLjtJj i L^J 3jjL>JU 4_ujJ,l 
(J_<iIL>J,1 (j-«J . *L>. j^t_ulij 1 4Jjvj_« i~,i u ^_^_HJ 1 ^1 ^^jul (^JS d a Ju£tX I ajj?e_u1 

cjIj^jJU >^!j-o (j-fl 3jl j i Uj 3-<-uJlSUI 3jU! (j_o j-iiSLII i_l!I_L& (Jj£j (jl 

(_jJ! «Ljdjj SjljjJI aj^jcJJI «L2_LLaj (_£ j-!l jLi-ll f-*^-i ij^- T^- 1 '^JJ '^J.'^ 
^Ijij-j-u (jjJal—La J>j_^-j ^ I c «Lj_)Lj J_&1j_tij Jl^-jj 2ij tCjlj^>J,1 0JLA j\£1j-« 
CjVLsJI (_v^jlj ijJLui CjjI£ (jlj 2_^l '^J.'^ *— ''j^? 1 -''' 3^'j-° Lr^ 4^loL». ** ■"" Qj 
4_ujS liLoljj*. I J^" (Jjj^jo SJs^LsX. SjjLiia-O CjIj^>J, ioLILiVI ( _ 7 ilj"i i aJ (_yJ-ll 
^IjJljlJI «LjSj£ <icjjiJ*-a (_fi «_23 L2JG jl&al 2jjl t^a-tjj I 2>j^>JU (jl .4-jj^c 
3 + mi>U aLa jJuLa-xi (jr-Aj iM87 87 a Sj^>J.I *s_<-ul L^-i-L: j I Ujj Virgo 
S^iuJI 3_»_iVI (jf LdlAII ^lolr j^hi J La jtSj .3jjjjIjJI ol i^jIIIj 3-lLloJI 

eJJt j£j-Q (J& J^-^ cr^J ftj^^' J * ' ' Ct-^' i«1_L>-LcuJI CjljLkJI (j-o QUj-i-Ii 

. jL=tjJ>U I j 2jj U ^ (jjSi 87 a Sjj>JLI (jla itdJj£ jjjVI (jl£ lilj .3jj>J,I 

(j_a I J^a 3jj?e_« 73 (_2-i£. (_£j!i^o ^1j Jaul «Loj£ «lcj_<u?e_« (jl J-Aj ai_A j-«I < : L<ijj 

. L^JjukLiiLA (jS-«-! (_ T J-!I ">jUI (j-° ">j_o 50 JJjI «LujJJ J-±£- 3jU.I 

L&jLjIIcI (jSLx-i J^ 3-tAJJI el\l\ (jl ULLs iSjjiaJ. j~^ 3JSLiiXJ 'L^-^ Ll&j 

Lj^Sj (JjSj Ji^ CjIj^>J,I SjLa -1 la « a (jl .U^a J^J V LJLJT (_gl iSjL^la CjIjjjco 

.4jj|_ii sIjijjji i_ jj^j I fllaau CjIj^>J,I j>jLjfc (jl (Jj i^I^jjj/ 



(_ij ^"' >Ll^ (jjk ^H>II J^ 2jUI (jLi (JjLHI i^lji! i^J^II JLutoll (Jj«J 
(_yjJI aj^cJJI (_y3 sILlSIlII j_caLL«JI 3j-3j l?^ tS^- 5 iJt!^' (j- LT^^ t^lJjJJI 
t Lu^jsca (_g^"( i n a (j^. Jjuj (_ 7 ^Ii a^?e_u1 l£JJj 4_x-iDL?eJj t4s*-^z-j± i"itl «Ujvj»a dxi>.^ 
4^j^LaJlj . JjJi^JI tj/jz (Jijal jj^5Ll«JI (j-o <iLi JlA i _i i n t (_ji^. (_gji><J L4JI Jl 

(_y^ (Jj-oJij l J_l^5 L(JlI I J>JUk L#J <"' J I M~St J^ A^5=-(J! tfj-ifc (jjS3 (_j^JI 3Jlx»-jJI 

J^vljJil (_^jL3 '.(_gjjjjl t-LoJlJVI 3_i_L<tC *Lul f<s^=-iJI (Ji. I J jj^s Ll«J I jj laj 
4_>.jJ (jV . j-^j-II J_Lc f^J-J-ul 'A J J l<jl l 03^ 03^d f 01 ?-^' J>^ (j- Lt'J^' 
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2-»-j-} i-li^lj I oKj njJLui /y^aJajiJI I i j"_'l j'* (_yJI jN i^aj I j*.'al*.<j 3.jLU SjIj^v 

(j^jv^jji^j^JI J^jti I Ji£L&j .SjjjjJI clinic Lalll Lix^.jl i n~ LiK3iliiSL!lj 3jIjj>JI 

(_>^aJL>JI a j j I J II (j_a 3lj_l jo^jclLI (jjS^Iia . AJjl * (_j-ll Sj^ijJkl jjiaLiJ,! (_y3 
4_j3L? SljjJI (_yi ajjI^II -iLpjl (j-a S^soLJI 4_uiiL>JI SJsLU x • • *•«" /<u i Ljj>23 
^^JIj^v) ajj 1^11 r-LoJiJl Cj^LcLoj LfcJLt^. JJljj (_ylll 3->-jJ-ll (_yJI I J Liae i iuJ 

. (3jjia '^J- 5 U^r!^- ' ^0 
<t]lo JjI^jj Lajti£.j iQ^jjJIj (j\j- i nSjal (jj£jb ajjI^JI r-LaJjV sLjejjjj 

cLiLb tjl S j t hIjJLjL^j JL^. (j-* * Ij j ^"j ^j^j-ulj (j\j> 1 11^*2 1 (j-* (fl^* til Sl^j 

(jjljj Ja-aacj (J^Lajl SljjJu J^-JJ V Ltua («^>=-i-J! (J& Ja^tlo ^j a 1 53 CjJLaj 
(jl_3 i(j^ I i nil (j^j^Lo J^Li- .-'l".'.' (jiLiSLjVI (_yi («^*-<-II J^L? Jjj daJLiiaJI 
i«L>-jJ Q^jIo 600 j^l^v (jJI J Ltaj yj> jljJau Jt-aJ^J 4_iisLi Sjlj^v «L>-jJ 
^J?c-ijl *1^>-I <j-* (JLfcJ"^' * ^' * LaJl^j ajj i n ir La ^Jl (J^fcHjJ Q^_j_ul ttlaJuulS 
juusLJ-xM ^j'-^ iuj (jj^ijl "ill ^1 «U^>oj ^H-a- i nSjal (_J£.Laj IJljJ i4_il>-ljJI 

(j-o (_Jjj>.| dJL-vj-o I Jjj i4-l^>uj (j\j- i nSj^il r-LoJiJl 4-u t~ (- gj " LajL^j 

(jj_iLo 2000 ^^Jlj^*.) 3jlj^>JI 3-^-jJ (_yi Jljjl^. pLijjl I j ic jtlij ^^ly.ll 
j o" i n't iJjL^JI jij»JI Ijufc (jJI 3jIjj>JI 3->-j^ pLiJj' <j-° (*^PWj '(^"j- 5 

^^Jl Jj^cijj J-2jI i_Jj-i (_yi «-<utIii jj^sLulII ^i (_£jjiJI r-LoJaVI 4_ilor 
JlJJlj>J1j jjjj L^e—Ll 1 J t j A — L-'(J1 LgJLa i4_Lj_j_jJ1 ^_x-idLuljI ^j-* lO~*"' 'Ic^usc.a 
lj_ji-lj . JjJi^JI (_£jJ (_ t j* . . 5>f^ "^J^-? *>^9 l5J-^' ^J^* wH^'J ' >_' ' '-"»~i'm 
fg^a- i I I ^^-jLuijSL!! i_*j^l!l ^lS i JjJl^JI 3^.jjjj^o ^1 Jj^tlll jojj LoJo^. 
st^jIU,! jj-* (J-^J * .(^laLLa y j i n ^ri- 4 - 1 L)' * ^'-^"' ' " *9 * JLloajJI i _ T 3 cLjLc. -^ • i a ) 
(j_o 4-S-i^e-i "II iLLoj^l /_^ i«L>-« ^l-J <— iJl»-j Ji^ 4lj""ill j_i^3Lul!I (jjSLj (ji 

jljjj LiJl 2 lj""ill j-i^sLuJI o jut (jV i LtaLj 03^-" o^ LoJ^Ji^. (_g? . Qi^-" j *''* 

(j^J^Lo JJ>XJJ •f^^?-^' C7^ LSJJ-^' r-LoJiJVI «l_LLiC (j-o 3jj>-LLa (J^.lj_o ^^3 
5_jL^_i (j_o (<s^=_iJI ' -ij " 2 J I JlJJ i4Xi2jjI jj^oLutJI (j^ 'Ji) - ^' L -' L ''-y 0^ ' ' "II 

Jl>.) LLula LaJn3- «_b I !il , f I .^.All ^3 p 1 ii~>- (_52( aj~j>J,! j j 1 a 1 1 (_gjLaj ( _ T 3 
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(jt_i ij^jJI 2-ojJila (OjjkLm J^>. c^j^vl (jill 3-jSLLaJI cjLuIjjJI JjG 

sGLp. 3jL$J (_y3 (JjSLj O' U^^J lS 1 -*-" £>*-" (j-° Cr^ 'CU^I f^?"- 1 (j-° /^O ^y^- 1 
CjLcjxj^o ji CjIjj>JU ( _ t 3 4_ujJ,I j^c S-lLU joJa-«-a (jLi <dL*JI «_o . sIjijjj/ UjjJJ 
Sj_L.<-i-a (*>^«-> jl C3- J >^ J'-^- c - J' j"-^ '.'*»•'" (J> '"' c?-^- 03^ "-^ "— ' L'-?'^ I 
1 1 j-j-j-S J j Sj mi, I (_y3 (j^JJ (_jJ-II sljjJJiJ! i_!jJjiLll JJLc (J-»^*J IjLjfcj i«L*IL<J-« 

(_£ JljJLj V L^_aj^>o J I t-Ti (jl <jSUj (_yil! 4jjj-II >fc. S^UI jljJLo (jl ULL 

Jj a-lj I Jlj*j 3-jSgall CjLj/IjjJI dlli (_,lr c^Jj Lt£ i3jLU ^s 3j loc 2 1 1 n't 
d q-LAJI (j_a ^-^i 4-LLS (j_a ^Lc (J^ JJjJ ia^xj «Lt_u_u (ji ^_)Ju2J *_« Lal_4-> 

i2»j i ntl A^dJI ojui c^Jl£ lil (_yl»-j • (jISLujIjjjLJo Jl».) jLt^J^U 2jvj^>JI 

(_jJ! (Jj^dj (ji (j-o I J » ' i I La L$jLl>- (J^L>- <lLSL!l (JjO JiiflJ V iCjjJj (_7jJI 
. LjjjJ?E_« (_ r l^. ^JJ ^1 (J-* -4-1 ** ^ H "r^> <d 1 I n t t^Jlj L« (_ 3 -^-3 t^ljlJJ-u ( 1^23 

(ji (j^L«J,l (j_o (J43 iSj-JuLdl j_uL 3J^VI VI a JlJ-" 1 n't joJ (jVI (P* Ljl 
(ji I i-J-Lc "-j-^t-J )(2>J5-S-lJI (jjj^-Ia (_y3 Jjj-ui Ll2j L^J (_£_>-> ^JL^la (_y3 j£Ju 

t3^— luI 1 rt frtJiQ ' nil t ioaJi (jjl j la III ^tc i«UlLij*_a d jolr (J_lL_uJ aJl?-"( i n 1 

i(«Lj_jLjj1 (j_a e.j^>*) cLJ_Jufc 4^.^_tuJ ^Alajba (_^)ia_«jj Jijj-u'^I t calJI (ji ULLIa 

pi < miVI (j^ pjj (_gi (J»l 1 n"t Ll&j 4Ja3e U (ji 4j^ iSixll (juiil (jSjjj V Ijufcj 
c-i-a-i J^Lj_o 4-IqjJ (Jix-i (_gjJlj i(_jjjSL!l (jLa^IaJI I Jui (j^ j J 1 aj (ji (jSL«j 
i ( Lb^_jj— 15-J-o) J-jJljIj j! «Iu nl (_^ f«^>o j^-ajLi LaJLt^, 4_ii aLi t (j^e-i « J Jjj-oi 

(ji (j-S_«j pi < i'iVI (j_o pj_i (_gi (j-SL!j 'ct4>^' pj-uaJI (j^ ^1jL& IjJ^ (jIUj 

. 1 j L$-(J jaiejlo f ^? ^ I-* - Ct^ ' *>r^ *— ■ ' '-i J1 ~ 3 ^ -' 
» .Jaj 1 ■■' 1 fl-jS jSJu (ji I nlr iJIJjjJI ljui (_,i^. 1— *jj>o (_jSLI 
lilj .3La_S (j n i"i II j_i_oJlJ j<u jJj ( _ > l3j'2l i_tS^£ 3j-^ ^Up^' i_r* :>,J 
1 U^M '. , ,. Lui-3 i^LilaLiJI 4ju^uJI (__>^=j 2 1 S^J^-J ^K *u (j'* 1 lo.il I LLJajiac 
(Jjtijj luLs Lo i(j no ."ill (J^>- t_gal '^j,' jlj^° (_3-^ o'jj^' ll^ *— ^j" ' " l-^Ji 
sLuiLv Jljlj JJtj) pj?"i 1 11 a Jai- (_y3 ( 3^-^ iJ V (j^ JL».U L^Jij i(j-< 1 1 nil (j\j^\X 
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( _ r ^ CjJ-3r j i ii 4_c£LJj iS^uLaa I JJt (_p Cj JjeJ (ji f-^SjJJ 2 (J 1 ' 6 - 1 -? • ((J'"» ""I 
fJJ^jLui Lbi t^->- i i _ 7 -i-«_4-iJ • u^-i-aj (j^. (j "0 ilill «Ll9 ^ flj scj (_£ jJl CxS^Jl ^j ■■■*" 
d!j_oJ jJs (j>^ O' J -*-^ '(j-jL3-i ^^-iLftJ >=-> (j "Q '"ill J>»- j'^' (j-2 JJJ'J 
(j no Mill 4_ujLv (j-a jju3 jj>.| (Jjj^sj *&j i"i i mj (_g JJl CjJS^JI j-A I Juij i Lolxj 
Jl>- (^ pi < mi VI ( j-a Lc^j <LujLj=U .il JLoVI I JJt J-JJ*J (ji » jU" , ,.'.j ij^^j^U 

. Gravitational Radiation ^yjiLxlUI pltMiVl 4 Ac ( jlLaJ (ji (jSLs-i Lojjfcj i«Gli 
Cjl3^L>J,I <"m i im^I (ji j_Lo i la a. j I Ju3 ig.j-LaJb 4 <i <\ . n't (_gjJ! pi < mi VI (jl 
(_yjjLjtlII pU mi VI (ji ' a ''""'v o' ^ '^ "' J^>-i (j-° I- (jS-Ij iSjJ^jJI (_,lr SjJLS 
(jl dJJi i^jVI t_t£j^ 3>^ SLl^JI Jl-l9 ^yk: CjLs^L>J.I *LLi ^ S^La «U 
j-jjj V 1 1 Jl^v (2, " .'J ' fl J ^ *° ' : ^<- a > jj*** 1 *' O' "-<" ' '^^ l)t!-^ Uj-"-° ■*_J i *'J-*' 
3j_ljS 4-lSI JaaJI aIj^v^U 4 j Miilu (jSLIj .(__>l3jVI i_x£j£ ct^ ^-^Ij i_K miJ 

pljuiV! (jjjjjj (_jS-Ij 'Jt^ (J^ Ml > 5>jj-« I J LU 4-OJL>JI SjJS 7C_U-a3 l(0J*J>JI 

S^aJI p-z^j>- l _ r £ (jj-SLj (J-jI-& J^-^j jl^> (_yJJ Lol r-LUjcj 1 1 j uj (_yj jLajJI 

4_L>-U (j-«J i(_p3JJtj1 1 Jl^J I LaJ La> pT^' 4_»lJuJ ^_yu\ I tl~*. ' fl-lS rt ji i4_LxlDjV1 

3_ul_Laji!! aIj^j-VI (j-u (^iLso pU Mil (j£. VI tix^tjj (ji J-^J^J Vi <_ x^cj Li>*"' 
(j-a j J i a j (_£JJ! pit mi VI pjj (j£. LJIjjj/ (_jJI Jjjlj LL&j . I Jl>- joj*j>JI Sj-ui 
LlSj (J^Sjj j' j' 1 4Jjlj>o /qj^_u3 f 5 -*-" ^J^ »J1)jJl>- (ji fQ-LftJ 1 )t_a ijl_^_La f«^>o 
pljuiVI (j^ «Lfljii '"" La j ' j J i aj Ji^ (_g jJl ' axi*j| j_uJLL!l jj* I Jutj i Jj-ui 

?(_ T jiuJL3 (jjl i4^JlJ i " 1 1 i a j * 1 1 j>JL& (jLSLa ^Jl»j (ji » jU" . .. ■ V Lui CLus>-j 

«L>-j^ (_^_u£l2ji (jjl L-ul i n"v ljl_^>- (^J-^- 1 (jl 3-^ 41liL1 (ji (jSLx-l (_$JJl JljL^jJI 

^Jjj (ji Ijufc Jjlj I nit* J .CjLkLsoVI • a u se a (_j-ll 4 3^"^J~ D^-°! f-° ''^-'SLflja 
j_iJJ (_fl_jjj^>- /ySLLd-ll /<sJI_*J! l_ol_4J «LLl3 La I Juij i(_LaVI UJjLaJ jL^jsJI 
.. I g-Ltc J '^^ ct^I' '-r'j'^ 1 ?-^' ??-J^J OJL^| i 1969 aLc (_y3 jj^ij^a SjlaLjcj 
«Lfl_l_t_aj iA^_j_La^JV1 (j_a «Lcj_Lt-£iA Sj-u^ ^ iljl^ , ..I ^_UJ aJl^"i i nl . fiUj^lLa 
2MjU , ,,l JS (J^Ja )«-Luj i_)-L)ljSL!l CjIj^Lu LgjeJaxu (2, 1" <i i j tl^JI (_y3 ijJ^Lj<Li 
4Zul aia i ul ^jLjj cflx_L3e_) Lo^q-Lajfl \L^>JI 1 JLA (jLSj t I^ILa I g La>^q L-oo-ajj I^ILa 

c I LaAll (j^ tLajLSJI CjLvjI.1 i aa-La Lj 
4 j ml i n->JI jj^ jL^jsJI (jlSj 1 1 J ic ' ilSJI i_l alLaJ, I (_yji Cju jij jJl j>JLAj 
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<■. I ■/! A I I , 9 a k ■ i/ift 

Jt_L<k>- JoLSjJI cU<Lai _G-3 i Ju^sjJI jL^jsJ 4-2jLill 4-Lml i n-»Jl dlij ' , ' J' n.lj 

pi < ni VI lIiLvjJ, I iSuj Mil I jui i.jiii jJsj njjSDI fjjjs j-JulJj (_ 7 jJI cjLiJljjJI 

IjL^j. aLJsI J_2-3 I jjj . . I^jlj-a- in" I j-JJJ ^j'Cliill jaJUJI (fti^J ^^Hl ^iLjtlll 
j-cl S j i"i (j_o <_jj_2JLi JjVI jL^jsJI (j^ jl« _9^£ <— <iJl _^ x - 1 •^ JL ) C3-^ ' !>*■' 
4-La i uljj cJsjJI (jjiAj (_y3 i ^ ifiuSij (_yll! CjuJljJJI CxjlSj iSji^tlH! CjuVjJu 
i Jl>-Ij ^^jjLso pli mi] jJi^ia (j-a *l!uI/U L$j| (_yl^. JjJ i(^ 12x1 nil (jJJL$J>JI 

(j_o vijLlo 3jlc Ji^vV jJs 4Jl 1 1969 aLc (_yi j-jjj ij-^'j •cy^JI J^ t~ 1 ij- 

L^_iLj I * • j ■ " dJ (2>^-* J V JJ J '"' 4juIaJ (_£Jla (_t^- 4jcLu2iVI CjLlj La ."--.VI 
(jj^jj La j-J-^l C^jlS CjIjLJuVI eJ-& (j! I Ja-il «U -» uajlj iSjjLLj CjLvj^j 
pi * i"i3t-j 3^_lL« d o i n *sjb] CLuiS JuLl . Lijjj?c_« ^S^_a (^l (jljL^JI «L>-jj L«JLt£. 

^^3 ■ U £~ l"j iauI «L*Jjl (_p 3j-o liltij i<Luu i_a-Laj £yl Jjal 4_Lo Jl>-I^JI Sjuo 
pU-iVI I Jl^I ! JL* Sj-u^adJI 3 i^n'ill JLjfcj . eLulUI ^ JS-u-o I 600 ^jsj Sj jj j 
jl JljLo (_yi^. jJ-LaJLI (_gjiaj ^Ij JlJ V «G| tJ jl\ j j i"i") i4-ljijjJI ojui (JILa ,_ia 

.4^LkJ| (j^s JjLfc 
4_Lo jJl-i^s (_g jJI njLSLU JiJJl^eHj (j I »""> *US i"i a L*liill <il olr aLoI (_5-aJJ 

(_, K II jLl^jVI j-»-ji I Jl ' LaILo L>-jjiu (jjSLj (jJj i^iLjtill pUJuVI I jla 

oJlj^j •(^LjI < ^- a -L)' U^ *>-° (j-*'rJ pi * m'VI (j! J-^J (<sJL«JI daa.2i L«-Lu '^L^- 
i^iiaju (jt 2L>.j jJ-jj^UJI CjSjJI Cg oa.-lj-u^ciiliJI »l olr Ojoa> Jt3 3JSLAI.I 

jl (jric .3-ajJLU 2 _. ,„ i ; j II iLujUJ! ^iij JljJj ^V jIjjl1<jI ^^ (jl^ 

(j-o »(- mi^i I g-xJj j laJul "-j-^cJ lill JJj '(jjlj^*"' f 1 iJlJ S ■' f«J ^-j-Jmj Sj^j>o 

Jl^ t t j-^l i n a- Jlj-o^-I, 3JlX.L^S ^laj^ll i tS^ a! Jl^"ii ni ^jlj 4_x-idL>. tjJoJI 

. «Uji>o (_£ jJI (_piJj mmIIj c I i '-■j JaJ I (j-° >JJ> ll jl Jiill L*Uii L^JLJo (j-a (Jl2j 

j 1^11 ■*■ la i ■■ /. I C JlJJl^v t j-ul i n "v J_coj_a t *rP^H f*- 1 i ^?- a ^'' ' k -^ Cr^^^-i 

(J_lJL>o joJLj (<sJ (j^LIj 'r ' '^■■- | ^l (3'-* £ -' (j-° (*-iL2il ct^- 5 ^?^' pl» mi VI 4-<-u!jjJ 
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1-igjuJI ujnjJIj OS^~" 



SLdj** & d£dl ^U dLA JA 

a^cJI dllj "j J i a " (jjjLajJI pi < 1S1VI q\ i lijJ^»- liJliitl si olr q^*,' JLJ3 
' _* a " ^^.S f-^-J >— ^-> < ij ' '-^> :: ?- a j^J-° L rl^ f-^J iii._jitjjjJI L^bLi^l (_yJ.ll 
. Lcjj^sJ, i_£_^j-U O"?*^' L -MJi J-*J ' " i - 3 ' JjL ^' (j-'l o'jj^' fcjj-"' (J->'-* ■A>"'' 
L»i '3_>-o Q^jlo 4jLo li i n <i ni jJ^S OJ^ "-^J 'Pjy-*' ■^-"'^l ' . JLill IjLjfc diloj 

dJLLjj i3j^>JU |_gj"i i ii a (j_o 4 < Mill 4^LLaJI jljJLo (j-u u^sj'o[\ ^jJillj 

.JSL^II jijjjVI i_jLSiII I jjt obi- 5 U^-"^ '(_£>*• ^' CiLiUoVI ^ SjjL-aJI 

> 1 i "t .ij-i-u'ifl L-t-S-l II (J^-'- 5 Sjl i n-^JI (j-o f-j^se-a ^1 (_£.}j3 jjJJ /J-JL1J (j"-^ 
^e-l (_5-<kj) 4_a-u (J3r!-^ j'' Jua (j-^J •<*'- c ' <J^ Wi>^ 4jina i"i 4JjS (_iJ( ^l^*. 
'"'I Jlj tajual CjJl^o (j^ ** ^ Sjl i n-^JI ojui JIlo CjjIS i(l_i3_>jx-a j^c j ■~"'~ 
. jju3\j>J\ LlISj uJ£ I j'lA^M ^ ( _^-* J i L2j-*-a (__3 
i Lijjjt-o j^J-° cr^ cJ^^' -Sjj-u ^ll ' ■ iS-JI I JLA -i>>-J (JL«1>.I /j alj V I JLAj 
(_)_& (j-S^Jj •CTT 1 - i '- J ?-^' pi * i'iVI IJlj* Lj-j ma \ds>- 3>_hP 4cj_tuJ JJJJ 4Jlj 
.Sl_i3_>j*-a ,_£ '"'I j| ) La ual 4j| J>jj_u2l i . c-S-iJI Ijbfc i . . j i uj 

d j (<ij*2 1 3j£jl 3^e-l ^La2_« Ju^LtluJ (jl o^- 4 - 1 ^jA^' tl>* ^^-i - ^ 3 ^-1'J ' < " ?> i n" 

I j" "j" o^-*- 1 4S^>JI oJuij . 3^.l_tuJI ( _ T a ^P-« ^Lp 50 ^l^v )tlj3 3^.j^uj 
(j^jljjjfjll L^2J Uj (_ylll 4jjj^IjJI CjL>-jJ,I J^la (_y3 4jJij>o (_gJJI j-uJilILj 

(jjj '"'\'b' <^» Jil (j -0 °J-i^-3 l«J L *J ' 0"' 1 -"*"" ^' l-^-^ 3 f-^J Ct^' 4j^oL>-j) 
dal miiIu « ( _ T la Ljjjj^a jij-a (jW (J-lLill 7-l^p^VI JjJj i4jjj^IjJI '"'I Jaxlll 

. MjLi Jjjj/I L^23 (_gj"Laj I i *->j 1 j 

Naked Singularity Ajft^l jijl' 

SbjIj^J! a^LLJI _^«~ ^1) dlj^^JI c^so i^I^UJlVI^ iuj£LII jjkl^iiJI 
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(j? VI .j_uj cLLi^l mjjJI ^iUtlJ! p-U-iVI L^jfj ^(^yJjSL!! jUiJIj jUil 

/_Jc dJLiJI (j-o V^lli /_ 2li LxjO , I jl j-^T j j , ,,A" jLxjI (jSLa-i j_&ljlaJI ojui 
(_^ .ijj-u^l ' . JLUl IjLA Aj^J (j-° LaLx-i (j-uDlj j_lC j>ft (jil ij-jJJ 4j^iu 

dljfcj (JjV J J-p JiJis i jijj-ul <_Jjj (_jJI I j I aSU Sjjc-o (J^tli (jl 5^-3 La I 
Cil j oS ulILLa (jl il .CjjjLj>JI «LiSLa-« j_oVI f-^lj (_y3 I j IS jj 1 2 Ij 2 » a _>££■ 
(_ylll 3-uiL>JI Lijl^^ia iCjIj^>J,I cjLcjjjj^o <ju 3_ujJ,l j-^c- 3-sUI (j-a SJjLa 

Jo^sj (j-aj • ufcjJi^. daj-ajV i«U3l£ j_lC i Lgj^aju (_jJI CjIj^>JU 3x.jjij^o JlJuJ 
Cud liil VI 3^.jjjj^o (_yi •" laj " V L$j| -» Jaj| icl)lj^>J,l (j-o 3jjji£. Jj i"i-v 

. ^IjlS 4jjJj (jS-a-i La-a J-^&l 3-iLo (_5^- lSJ-^ 

i(_yjj^ jLc. jl jLc. JSLJu (_,!£. (jjSi jJs cjIj^>J,I (j-u 3_ujJ,l jj£. SjUIj 

SjUll aJ-& (jj-S-J JlSj I Lajl (JLai>-l t-LlLui <jS-lj .- j ' a 'I sQ^Li. CjIjjco jl 

J-j£- 3jLo (jjSDI (_J9 (jjSLj Ju9j . *l JjjjJI (-Jjjjjjl (jjH JJlC (j-o 4JoSLo «LuL>JI 

(jl dJ I ri II sLa-bJ (j^-«J V /oj (j-aj L#^i9j O^^i 19"*^' *- i ^' (j-° >^' ''^J- 

. aLc J*C 1S1J (jj^LII (_y3 S^UI 3_3li£ 1 la 1 "j" a SJsjj Ij^Jlxj 

(^)ia_aix. «L9lLd j J 1 -~» a m^I (j£. guj)J i nt, 1 (_^-A »1 J)^ i nil t )J <Lul CjjjH^.1 JulJ 

Jljjj (j-^-II (j-* plJj-uJI 1— ijjIlII Jjfc »l aUII (J«LjiJJ iCjIjjIjSJlS (J3SDI (_,-3 
uLILl* (jl (j^laj Lj£.J tjljmll I juk (_yk: c_4J>J> ^,£11 .SialiaJLi v2jIj3IjSL!I 
^_3 1 U £ , ,.* (JUl ^IjJkl 4^U3 (j^a '/43 (_,-J->- ' " ' » jjij 'Jj^ J2L* Jijj-oI LjjJ 
J^ SjlvIj 3 jim a mi 3JbS f^^W L^JJJij (jSLaJ SjL^JI SJaLkJI ojufcj idiklj 

i_jLv (jJLuij . cj I j j I^SLI I SJsLLj jj ■ "^"t I jl»- SJji^ jjjju 3^.^11 ojuij '^l-c- 

. Jljj?c_a jSj_a -i^>-J L)^-*! 3-^5"tl)VI (jr^-*" ^ ' " '* faJ~»l-^ ' "II * <j <L 1 1 j->- i 

JjJL>- (_y3 («^=-i-!l ^J a ' "~'Jt LoA^ 'OJ^-^ <CjJl^JI (_^l (jl (Jj^ (j^a LLu Jl2J 
-CjljLil 3j| (jSLalu (jJj i( JlLI "Ajl '" '"' J*-"" ' fl-i^aj) (^JLjejJI oj_La£ ' aj^aJ 
LSlla^a (jSLaii (jj joj (j-oj i(_ 7 J>-jL>JI »LJaaJI (_jJI tjijJkJI (j-a-L££.jj (jl£ ul 
. Jijjj/^I ' . uLd] j£j-Q (J3 SjLaJJ j a"i i nil /^alSall ^jjj (j-o 
iCjJLsJI (3^1-J ^'^* " La-ilj Qi^i Jijj-oVI ' . Jixll Jjj-o (jLs 'j-i-l (^-"-*-aJJ 
. LaJlj^sj (J^Lcj V ^LJ'i/ 2 tj j -»■ a «U£ l£> j ?'-' t— *^l CjIJl»-'^I -" 1 1 qj i - I Jl^Jj 

t_ijjj (jjS3 cjVL>- •" la » a (^ jjjji^I * . lS-JI jij-o 3-5^ 03^-y iiJ^>JI t3^'j 
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Symmetrical 2 . ^« I *"■ « SJjLjio Lo^o L^Lol Ui^i ct-^' l ^ 2-^Ut-ij i^I^jj-u 
SJjLiIo julL jl ajlxjja .jlj_a (i a 1 23 (jl i«U£ liJjSLifuil ,j-o <jSLtj . Collapsars 
I jja i iaj I jl LiJLa i jl^qJLjj . jijjji^I < .S"ill cjJl>- Jjal (jii^J (j-IJ lS-^W ^ 

d^'-l ' " "3^>° O^ ' LoLc Jj-" 1 ! I-±2j OJ^-^ ^Jjufc 3_Cj-i-uj JJ^ *>iP 4Jba 

0jJt> t_gj"< i n a (_2-^J * J^j-u^l t JjUJI ^>-^. jUx-i f-±£j ' '^^ (J-* 2( J-i ^j-^i>- (jSLliJ 

. Jijjj/^I ' . . *~tl jSj-a 3_j^j (j£Lx-i («-> (J- ,? C^ds>- (3^1 liJLui tj_j^ lj^ '*Lal*JI 
CjJl^v (j-Sl tjj- 5 l5'"(l5j'- c - jD -LH?- J-^J -0 *-^ Mi'^t (jl L<u!.} JL2jj 
. jU" , ,," £ji I j^ilja (j| till!} i«uj_LiII joiaJ SjjLS (JjS-u-u-(J^-l*JI (j£, 4-LoieJ 
" f * ■" Vj L^_il_a i3jij^>J,l ^£ljJ,l aJ-tb lUjSj I jlj .S^jiLliiJI a ■ ' ft j ■ u-dj jl 

. i ulnJI »l oUt aI_A lLaj*_) pj_uDj_a (J" g"< < i) 
(j .A r (J-«-«3 jl (jSLxJ-^lSUlj (j-ojJl tj-oJ-cj <Jj-L»--^iljl,l (j^»t liJLuij 

^c_j_j tJ^-^JI (j£. (_ 3 _flHjtJj 3ju,1 L^_i^ ^jr i pi (jl (j_« 2iJljJ3 i»ljj i nil » laiLJI 

White f\ ua-LjJI i -ij *'■ II /n i nl Lg-iig j I Iaj ^lj-11 aliJt^ . JJJ^J- <j-o I g-KJ 
(j a j 2 "' -Sj-a-j f, a i-i La (j-uJaijV 3_oL»JI 2jj i ii ill 3_^Ji_J| ^^s ^ ,h!j .Holes 
.(<s-jLJ3 (JL<jJL>-l j-& f.\ Ja-j-Jl i_ij^!i!l ^^>-j (JL»H>-I (jiLs isIjjjjJI ■ .jjJLaj 

jJs jlj_aj 4_u jL>o «L«jil (Jilaj Lii ijj-ajJIj (jlSHI I Jj** ;r-ajijj 3^>° (j-^J 

(_ij_2JLll oJlj* -Sj^-j tj I c (J-Jj-j-l^LsJI cJsjJI (_yl>--iiJ Lui u-ujJ o^-i 

2^1 LaJJ j-J-i-<4^ L&J^>.j Ij^b^H^I Jl^ I'lliill »l olr (_>-aJU (j' («-C-j-J l ." I '^J.'^ 
3_Lflj^ rj-^J Models 3-Liisljpl r jLuJI (Jj^-lSj Ijjii-ij iCjIjjIjSLi! 3jLlj>JI 

. L4W 

I flalg j 1 1— j (_ 7 jJI CjIj^>J,I ^_)^» ' (_y3 (_>iiALc. >(_ t jI/ «L<iJ 1 ' 1 1 '< j a 1 1 jufc )t_aj 
3_j^jjIj '"«! '^ • '■ j J '^" ^^lll lExploding Galaxies 3j^=_ilil CjIjj>JLI j<u-u! 
jj^j i(j^£UI (_yJI L^vjL>- 3ju,l ' °" 1 a " L4JL1 1 dlaJI »l oUI ( _ 7 j>-jj (_ylllj '^3^ 
LLoJl^j lilj . I ^La-I ' r I ^uJl <_jj^!lJI (JjO jJl^. J_y>-J »l oUII t^>-j Jiis (<u 
(_yji *l JjjjJI c_>jJiilt (jl UjLp^.1 (_y3 (JjJl>-I 1 1 i" mi^Llo (_y3 ALa^l (_jJI SjJqj. 
i^JLufc (JjSj (jl "ijtjlj 3j^-3 L^JI J^><-1 i-i^v^Jt (j-a 3^m I J^a /- flu seJ (jlaLLo 
(j-LLa-j joJj (j-«J Ui^' cj-'I lS>*"' *J-° SjUtl (3^^ ^4-*^ ' I '^_'l suiijU <-;-ij-2j 
.Cosmic Gushers <Luj£Lll CjLIsJlIII *u-u\ (jLp.'i/l <_>iuu ^^3 Lgak: 
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<■. I ■/! A I I ■ Q A K ■ i/ift 

:^rJUl>.l LJjLo^l uk LJJLi.1 lil iJIJ^J! ! jla <_,!£, 3-iL.VI jjSUj 

3j_a j j ti>~ ja_j t »ljij mil ujjjIlII ^^3 .Saj>._aJI (j-a (- '"" -»"' S-iLU (jl Lai - 

. (j-a^l Ijui CjjJl»- (jlSLal Jijj Aj-iiaUj r-jLa-i cdLuij) (jjSLlu (_£jj>-I 
i -l j 2-iJ I ( _ T ^ S^HI (- ali-jejj joj (j-oj i LtJoS j_lC j.i-1 Uai ijJLufc (jl jl - 
i«GjJl>- (jSLa-i Liiajl (j aSLjulj iji-l (jaS ( _ T 3 'Lj-iu 3j_a (jj^Jijjj < LiJjSLi sI-SjjjJI 
u£ LlLoj jJLl . Luo£ ^yj Jj^Juj ij^>.VI jj£JI ^ ^yilJeJ ^ylll S^UI (jl (_£? 
' . ' J S—t-Tl (j-c (J-j-3 (j-a L&Lu-Li (_ylll jLCaal aJJb CP^3 •>? j »c (_jJI Liibej 
2 i^ialiJI dJL-uVI j^iii <j£. 3-iU.VI ^yJI i^^Jj ^ylll (^ i^Liia-ijJIj *lj>j-cuJI 
(jj^LII SjLjLiL <_,-& La J!la iCosmologistS Q>^-" »l olf "^IjJ ^l) La C7^' 

^ 1 l2j i ■■ rt ^4_A Laj Jjl>- L_a_pj 

Ll& (^jiLaLLujij i J ■ ""■ i "ill 3jijJl>. ^Ls^i J^-a-i tljj-cuJI <_ijJj!<JI S^SLa (jl 

diidjl «LaJLc I J it- ."*» (Jill jLCa^l tfj-A (_)-aJtJ 

(_y^ /n "i j iii j-al 1 1— lj^jsJ, 3Jl_i_«jJI i—aljJaal (_yJlj Ajja-iJI (j-t-i j a i n Tl (jl 
J" o" i ii »ljij i ii II i -ia-axll (jl Lul-i JLaj JL>J,I I JLA (_y2j • J^-K-JI JjS" i mU 

I jl ^ 2 2 -* a SJijLi L^_ii tc—l^I^JI (j-aj ia^jc-lII (jij (jj^al mil (_,^Lc * j j *° ^~ 

^JLiJ-i ujI aL^UJI ajlj i ii j t^axll tcJ, (_^-a^ t J^oj-uI Lt2j pi uaAJI ^'jlj Jl>-I (-_3^Luo 

, ji^>.^Jl (jx. Lfc*Li>-lj L^2jc i uj 1 1 go3 (j-a-i 
*Lai«J SiSLAa (_gi JixJ V ^LuJI ^^xja-JI al l^'tl ^^3 ^l^j . ntl <_jjjill (jl 
.(^jjjj,! («^*-<JI (_,lr 4jJij>o (_ylll ^p'i/l (jj>i3 (j^. I ^j < j"~ (j^La-i 4Ji L*Ui ttiiiaJI 
(jLi lil VI i Ij-a-LlI Jj_u2l <_i 2 * 1 1 3_jJij (j_a r ' L^a-dJI jljlj (jSLai (jj (jSLI 
/sJj (j_aj i3_aljj J*v mi (_yJLc 4-Li.lj (_,JI «_3JlJj ( _ 7 jJI jljll 5-1 La- i u\ LULa^ 
ia^jcJJI (jij (jj^al i ii U r' i^aJI jljij (_^Lc Lajkl^ Ij Laj- (Jia-i *IjijjjJI t—i^SilLs 

. Lgjjjj (jSLx-i V (jl_L>-2l Alajtj9 (_y3 4J2 

(jl LijjlSJ i»l 1I1AJI ,j-a Sjl^LUI 3_JL>JI cijU-l mil dJJ3 Li^JG I jl (jSLIj 
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LLu Loj . 2_jL*1! Sj-iLJ 2Ji_l^o (jj-tb i_£-sLc f<iJ=_Li r I '^ a -J^'j j» I ' " ' a I (Jl «"~>-l 

(jj^Llj LoJiJuC. L^JIj i<Laie igaJI a^cJJI (j-o Jul* (JjSLu sljij-cuJI c-jjJjjJI (jL9 

(JLji>-L3 dl! j (_,i^.J i ( _ T lca2 1 («^=-i-i! ra^t^t-i 3JjLSj,u I Jl>- IjjJLca I ^ 17-^ OJ^} 

. -5jlj 4_cSL!j Ll^jI ''^ J J " J-°' J-* ' Jj-"-"' '/■'"' i^PLh 1 cr^ Pj^J^' 

ULUt j*^» 

CjLv^o (JSLjIi (_,i^- i^LLaJI (j-o Sj-^jj CjLuii (jl 1 J La-aJI I JJt /_£ LLu Jii) 
(j_o *_3JlJu (_,LlII 3.}LU (Jj>-flJ isljjjjJI t_!jjiJ! (j^. j JuiaJ (jl (2A-4-1 «LujL>u 
(^ 4_jt_j dlli!! *UJk: Luj jJia I J14J . 2_a|j.> JSLi ^yk: JliJ^JI (J^l J}L>- 

-3jjJl>- ^JsLta j \l <^ « (JJ ?-I"i-»-"ii n 2_ojJllI,| Ll>-^J jJSUl I (jl tix^uv-jJj^LcuJ,! 
(jSLxj «UI_i *Lxi«JI JL9j Sal Ult ^ijLi I j JuL^ajg »l^j 1 ntt 1 -ifrlLJI jLp£.l (jSLs-i 
t ij ^ 1 1 1 ( j_ a j \l ,^. tl ^jjLajJI pit mi 2 1 JjSjjJ a^jeJJI (J^>- CjVLjco (_)-«-£. 
*LLi (jSLxj 4JL1 (jj^i-l i\ olr ^^-3 Lxi .(jlsj'ifl (_jJ! 4 1 uSjlj aLjJLIIj ^Ijij-cuJI 
i t^HJI 4_u!iL>- ^pLi (JJtilJ JJJu La (jLcj_<_u t Jijj_u2 1 t cfllul (J^>- * utS_a jUol 

3alUlt j.i ,^ <dt\t ;-,,„! (jSL<u ^ jUo p L«jil Jy>-j (jJJ l£-5Jj I J-aj i jjj-o^/I 

( j_o 2 SI La II r-lj^a-" 1 11V i(_£j^>-l 4jjjjJa (jjjjiju J-»-jlJ rs-lLtJI 7"^p^l J^J 
(_ylll (_ T J*3 (4^LLaJI ULaLaJLa) jjiii n^vjVI (_j-ljiJ (jL) iSjIjjJI «l.3j-cu]l <_sjjji]l 
.^jLajJI pU miMI N *-- Ji^jj iiliJL>JI i3^W '^^^" 



(j£Lx_i 4JL1 I^JL9j i7-^l 1 ii'C Jjjj'i/I 1 _i ?" 1 1 *\ JlJ-"ii 11I q^& *Lxi«JI (j a » J j S! 3 
(j^j 3^^L«JI (jU Jj^J 3jj 1 11 ill 3ji t\'.'a .j_LaJtlI| SijLifc 2 I w S< J 1" 1 aj (j| 
2_cj_<j/ «_ ij_o (_yi 2 jjj 1 a a SJl^SLII (_gjl 1 n"i 2al Utt (j| ^_& t 2_tSL!lj 2al Ull 
L^_ii I nS * r' iJa-flJIj (j_aj_II d * J ; f^L) (Jr!-^-^ <: ^ t T!-'- 1 L3-* i>J-Aj i«jjiaJI 
<_jLjjj<Ij ^LLLcvjijJljL^JIj 2_jj jj| JjLLall Cj^LcLaj (_y3 (_j_cujJjJI 1 _u 1 11 lu UjiX-l 

. A^J?E_U 1 J (J IIP Mil 1 p I t Mil 

(jjjj—i) (jULc: JI-3 t 2 I ~< l|j 2 al U tl (jo 2_3>L«JI a jufc jlj-i: I r j 

* • S-d I ^IjiielLj/l (jlSLou 1 Luj j^jJ ISLi (_yj»-^JjjSil!l j ^ » 1, 1 (j^ ((_,'C 1 ii^&^-uj 

2_j^j^|j_J| CjL^-jJII 3j^ •" j se 1 aj (j^Lxj <LLula i_2jjli (_y^ i3ixl2a Jjjji^I 
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<■. I ■/! A I I , 9 a k ■ i/ift 

(jla iL&lL. iLlsLuJ! p-U-iV! (j-o /.99 ,8 ^\^>- {ys j^l o-"^- u^- Sj-sLill 

* P JL^ cJ i"i > * t2lJ Li 
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l-igjwJI ugajjlg Od^~" 




aA\ ,~'a ^ \j. . ~ * j^j_oVI t_JaIiJI : (48)<JSLi 




obj^' j>=" 



jSUI j^JI 



Ijal 



jl^j j^of i_iSj ^ g-lioja :(49)JSLi 
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«L3jj>J (_g jJI <_ijUI1 jsJUJI JJ-JJ 4-»-jL>.j ij^j^il 
CjJi^*JI (_^l La (_)*aJc ■"■ (Ji- Jj (jl La (j^LIj i LuLj_)_l3 
jj (jIIjvj ir-jLiJLi (Jl ^"Vl d j Ir Jj-r" i n_t (_^>- 
lj^_al_c.j (. I La-AJ I - 1 i I c jj'" * .' < =LcLjtjjJI l1*jjjI 
r-jU-JI ^(jjjJI (jjeja Oj-uiVl L_Jjitl ^yJI J^i-jJL 
i,Ji.l jJI ^ IjJl>-J I JLa <-2>*J j! Ijji *itVn.i't (jj 
Jl3 (J3^J (jl (_, ' "f La (^jiLSLu (jl * jt-i"i i n I 21 (OJ (j-aj 

(>& (jV! ^^ J-ls La (jLa < JU. (_$! ^yk. (jSUj 

L$_ii i_2j_»j Cju^laJ I <j . ..I . ..i Lajl . ^j I j ' 1 1 ^jjajjl 
j<sJ Li-LS-lj ■ r ' La-Ail ( _ r ^ Sj_uS (jiLal ( _ 7 lc J ' ' '**"' 
(j-u-flj >a . I g .LLC 1^_tul_t_a 1jI_lL>.1 ^£jj>*j (j| » kj i ■■ * 

1^_tuL_t_a 1jL_lj_>.1 (J_iJtjj (jl Lu S Lgj t* )^1 1 n 2 1 IJufc 

(3-a-g (_yJI CjJlj>JI (j-3l (Jj>-!.3 IjUfc (j ■■ a UJ . I g-Lic 
I J_& (- I c i_d_Lj I '"I jj la i j j . "'.' ' - >^^ 1 ' . l2-J| 

(jj S> " i ii LJjLSLal (jl (j_a j S 3cj II » j^~ ' "* 2j 

L^jSLlj i^^a-aUJI L-cJ^JLlI ij\£X\ I J-& ^yfl iS^tj^ej-o 
4jjJl>- f-^j^J Lac Luji^a lj_»lij_a I LiLajuj ■■ (JJ3 2 I (jylc 
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(jl j_& iCjJLjsJI (3^1 (_y3 i ta ■ J "' LoJl^ 4^jJJ La Jjlj • -Jjj-uVI i ■ i rt" 1 1 (Ji-lj 
(_gjJI r J i^aJ I (jl (_yJI «-jvj-J IJlj^j i(_flli.| Jl3 aJu-^aJb (_£JJI Jijj-u^I I . c-S-iJl 

. jl^ jl <_oJ3jj JJ3 (jj^i <: '-' £ - J 1 '".' 

3^1 jjL»JJ (jl La (j^-Ij • Lit «Luj-o j^lC Oiexia 1 L#j| dlli ioL>oVI SJlxs-j 
" ■ ■ lg /. 1 c L-ulj ujliLo LiLc ij>jj-u2l ' . La-ul 3^J-° cr^ ' JlJ ?° lt-^*" <^->J^>Jt 
(_£.}L*J! LULc (j fl3 .(jlSUI x_a (j-aj-1! ?j-ajiij 4-Lak Jjitlj La "-Jj-C.! (j-o ULc 
(jj Jaj mi t ' r I La-flJI (_j-3 oL>ol (_gl (J^J 4j^jej ijjj^tlj (jl LuSLa-i i<_2jJ|J,! 
4_j| j<s_c.j_ij i JLjvIj oLsol (^ Lul-i j j i nj j j'a (j-oj-tl Lot 2 al Ull Li] j-SjjJ 
IjLjij . aLo^I (_jJI I Jij| j-<J-i ^L-JT VI CjJljsJI (J-3l •*• La i u (j-a i_)j_aJL> j La jj 
iJ^UoVI ^^.Lc *j Laj ■ ■■ LI (jj£j V liJU^S iCjJj>JI ,3^1 Ji-ta LoLaj i -i 1 2 h 

. . Jyj2 1 i JlUI ^Sj-a » )j_c£3 (C_ll Jj (J-jL-A (JS_tuJ » )JL?e_b (j^e_t3 < LllLvj (_2-^- 

'J1^ la 3 ^ * )J^e_b (jl (j-« LulLqj (jl L$l_psJ (jS-4-l 3^9 «L)l » ^'-^"' ' "" 2 J 

£yt i_)j-aJL> 4jLLijI (_y3 i^iii nTt (_ T lII (J-a!jJ<JI (j-o (j-ojJI ^J^j>o (jSLal I jlj 
L«£ AJJ3 Jijjj/^I ' . c-S-lII 3^J-° (_3-I| LlLvj (J-«^>o (jl (j-a LiSLall iCjJL>JI 3^t 
i4 ^j" ' <icLcuJ (jjjLflJ (_g JJI J-Aj (_^3L>JI 4_Laj 4-»-a (Jji^cj LLo ^ii (jSjj i JJj-1 
I Jlj* (_j_3 «Lj_iLLIL3 . Jj_<j/i ' • S-u CjJljsJI (3^1 (j-o L^-Ij-Sj L»l>- j-j-«j3 (j-^J 

. JLulj JufcLiuI, ^jjljjjl (j^J^La JjL«3 i(jl£Ul 
La l_i_LaLj I jl ijlj-i-uil <_J£l1! t_)J^ (j^jJI (2, «° .'.' (*J ciJjJLJ (jl » jU" i .. jj 
(jl i_3jj(_i .<J1iJlj>JI (3-3 i 3->^ (3-° Vj-^i O' Jj^-^^ LoJ^-C. f-J i^i It CjJl^ej 
LajL^. ^ilLo jLjkLij Lo 4_ujL>J! (_f5^ sLii^. ^pj3 joj (j-aj i4^U3 sit "j uai] 

g. a-ilaj I * iJ-^J (_^-tj i«L2j^lD (_^ (^LxiiS (*.>-?• U^ 3 " ^* J ' (1)-* P' * '"' cr^" 56- ^ 1 

4_ljJLj>JI 3j^ (- I c i _* I <~jt IJl^>- (Jj^JJ (jl 'Lji^- Ojj-u^I ' . . ^~tl ■» U , ,. l \ fJ a 
• tj/Jzjzlkll CjJljsJI 3^1 (_,JI oJijiuJ cr^t'j ' t-^t u^zjjCl: (_yJ-tl 4JjL^JI 

(j^SLl t JlJ-i-u^il i t^Hjl peJaudU (j_a * )J)j_$j1 (j_a 1^_l>-I g-ftj^aJI (jSLilj LajL^J 

x_a i.i niL-LLj -j Ja II S^Lla (jl tixj^vj i4_SjLjJI 4jSu3 (j^a j_uSLtl Jl^S Ji^ 
«UiiiiJc_La «Qj jjj (JjSj ir'jLiJI (_yJI l^^ji- 1 J loj (_g JJI »j-l23JI (Jl3 (jil iQjjiji 
Ji^ i(4^LLaJI (j a d Je I a) "j ual] \jJt £y* 3-JJljJ 3Jl>-j j_p (jl LLci5_^3 jjj . I JL>- 
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(j_aj_!l I Jlj* JJ^J-a «l i i m I (jl Li! Tcjio^J i<icLu/ Cj2 I j_m i n"t (_y^ C^oJlJ-"ii ill 
Aj-ir't i n"t L^-iSjj i«1$jLiSlA <icL-u 4 J i ii-»Q (_£ jJI L*Ui (j-O UJaj ^i^l Qj^j ' " 

*(_2-A l_a£ f. &jual I «L)Jlj]} 3^J9 /j 2 u Ll*_ije_) (_£jLc j J Lfl rt (j_a U^-^s 
(jil iJl!j^>JI (J-Sl J^"'- 5 (J-° I'J-Jl MJ-^i 0' 4 i > a j i » j i >i 1 1 (jl (±x_p-j 

(jS>-X-> «Lil f*£-J-? 'ijr-^J^-^' d>~*j-^ Cr^i ^-^-'-^ tlh*3"^ ^ i < " > * ■* i^aJI (j_a Q^ y t u 

' . i axil 3^J-° Ct^S LLijL& «^Joj J-Aj La rn i n - *- 4J3j i" i uj (_£ JJI (j-ajJI <— il i u-a- 
j_j£ I pKq i Jjjjj^I ujLSiJI (0^*->- (_3^- J-*^-»^ Jaj^-ll dV*}"' Lbl i n-vj . Jjjji^iI 
^-3 i Jj_ijii c-i-S-i (_yi ' la S i " '" " Lo liLa joj (j-oj iJa^j^JI (j-oj (J" 3 p-?-**^ 
Jj "-' ~ Ij ' ^* 3 Jl dJ LLD-«LLL«_a 5^Ha pi '^^ >l Juu 0J^>_a (^l *j3JlJLu_u Lbl lLLlIi 
.ajIL>JU j j i i-i 1, 1 I JUfc (j-o t_!j-$-i (jl LJjL>. I 0(ja i(j_ajj| 

t i 2-ljI (j_a * ) J!>4^' (1)-* L'(-t S .aj La 3^:9 Jl>-jj 21 : ai_A jjljj-u jLu LlAj - 

(jl t_^*-J tjl J (j )VI (j-a Ijuj-a *_L«J (jl JjL>o 0Jl^£ SjJS 4jI (jl .S Jjj-uzl 
jJt J'^j i ■■ 4J3LtaJI ojui jJij^o^j . UjJ9 Ij-jjLj CjJl^o (_^>- iJsLLj (_ji£. J o" '"'" 

i3_LlSL!l o jl^J 3_j_iiLv I tkil (jJLui (ji^n- tjSL!j-<LL£ «U (jl£ ^! 1 <-d , „;,; 

jl j J iVI *_ La (JjLso (_5-J-I! 2 al U tl j<sj^>- j_£ I oKj ijLl^jVu (_Lt=-«J Ijufcj 
I Ji-ii (jSLx-i (jJ («J (j-aj " *a * ' a 1 1 (j-a I ^JJ-a CjJlxj I Juij . 4_u jL>JI 5j^ "-^-i-i'j 
IJlj* (jl il i Jij i n^/ 1 c.* ^ ~ 1 1 3^J-a (jJI j^J'*^^ 1-uLiJI IJLA Sj^ (j^ t_!j^JI 
.oljLfljj (jl (jLtujVI (JjL>- I i J a I »Ua CjJl^-ji h 
^^Ji^ Vj aLjJI .-I ! aJI ^jLAj IJljI (j^-aj V i Ja^^/I t-tiiJI Ji-ta ^j 
jtj ,Uj^ , ,,tl 4J3j <" i n_i (_gjjl Ll^jJI (jV ijj^jJI jj^ 5^j£ Jju La (^1 sLLl>-Lj 

-(j .1 Mill 3Jj£ I *»■'-■ (j^ ^1 J ft JJ^|-J_L«J-3 Jjjj/'i/l (_Jjl!l (Ji-I J (_y3 3^A' 

Jijjjii ' . i dJ 4_c^lj_a Jj^.j ,3Jl>-IjJI 4_uLlII jj^ (JjjIa (_yl^. JL>-lj (^l^*- ^-Lu 

d lA^V [b)jj> CxSj tJjT" i n" (jS_aj t^_JLx-£ij1 i uuj\ ]JJb (j_a^_uS-j l_a^t>-^_pl 

i_tS3 (_ T 3 Lai .^SjJ,l JiJt£. aLlII j_LaJilII (_yl>-J iCjJi^JI (jj^l (j^ i la j S i aJI (jlJ 
5j^O ^JI^v 3j *-* ' "J uajicuJl (j-aj (jL9 i(j no i"ill (j^ 5^a (j^jla (_L3jI Jijj-oI 
Jj-r i n" (_y3 IJljj i Lujj^a (J23 (_y3 iJSLii JjjjI c^Sjj 4 j i nilu ■ La S 3 j .CjLcLu/ 
. (j\^,jj i uj (j^ ^H^l ?"-^ "^ i-£ilj *-a 4_cSDj i4ilj^l (jSLaj (j-aj 
/. I c Lui *Ijj-o (jLS L«_(j| i4_i£. CjJl^ejj (_g jJI (j^jJI (jl ^^JJ (jl i_jjajj 
La-il i Jjj-u'j I i t2HJI (3-a^. (_^>-o I uua- iJT 2\JJ (j\jL3jLJ_a Jog^j Cy*-* 3^ CH^J 
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(j_aj . l_L__o L^Lj-aJ _u <L_.I ..it 4 iinS'i _g JJI Proper Time <_. m-ill Liloj >a> 

(j-C C- J_-t_Li (j! ' -J I j ---Jl (j-° (j 'I J t «-ii LiL-- 1 1 J--> (_t^- Jlj_>L_J1 _^JJJ t-SaJ I 

_)-»-l j _£jjj___> (_ 3 _-L__- < _M _UJi_*-ill I Jufcj i4__jLl3 'Lj-flJJ cAp-> L)' OJ- 5 ((j-°3-") 

. (jLSLt,Li (j-ojJI i__JLL_> /y_oJaJ l__j_-. Jijj-ojI ' . i 5- II 

I gale i_2jbill,l i_dJ-_- ijj^jJLi 3___>L>_n -j-JLall ^ -_u ^Ijij-". ..I JjUtJ j__j 

' . c-SHJ 1 <_jjj__i i La 2 i " ' (j_*_ij- J_>u j-)J---.J . __Uju 3__l i n<n <_1>J_>JI (jjiM TTJ^- 
oLcl iii II I '< Ia^V I jlj ojJo. (jjj jl-ijj (J-°>" (jT-aL>ual JljP-j jijjjj^I 
i U-_\t '. i__,j_>J| j^ist ( j_o Lbj__.l lilj ipj-mi jj i n" L#Ji Lil cj _uJ I j_>. 3 JljjlxII 

oL>oVI (__.ll 3-C.I 1 11 II t—i j I __C i__J-_Ju ij_TjJ,l (j-a Lbljltislj i_-!ji_-JI (jjisi (_--S 
aJlSjj (ji ,j-o 2_U (j-oj-ll (jl i_g! 'ij^j-ll (j-3 < ffl^Jl (_--l jj 1 'I i LiJLSj (_, 1 uSLaJI 

.*b_J!_-_l j^-ljlj f UVl ^1 

3j_u_a _j__LL_ Ja>ji * (jl Ll- s Lq- t Ji^___ 2 1 t t__iJ1 j_sj_« _--JI ' la 2 1 ■■ * Ls-Luj 

L^J i__juj (jl LuSLolj 1 LcJ__- daJL ■■"' «!_____ (j-flJ-u __ILL_> (jl Lu__j_- ^i_) . I J_v 

l j f js (jSL»lLi (jJLs i__Ll j__j 1 1 g-iL- <___<_>o (jl ,*_•""" "~ (j-I L4JL3 5-iS1j hV (JjLjjj 

j_Sj_o (__JI j_al 1 11 t (jl I i'1'1 I jl_3 . uJl*j 1 la 1 1 "~ r ' , '* a (j-^-<-u (JSL-uj 2-jL»-l 
( JI_____i < _M l_Lo j_p » jjaj , _j (__S_J i(_gji-l -I 1 ia a (j-_-_- 4__9jj 1 J>j__-'_M i ■ -_-JI 
■ U a I -» i jjij ij-ui Jo- (jJI I i^ajtj LLJaju (j-o (JVi>^ OJ^- 1 O' t T* J ?i J^^'r 1 
I ua ** jjj jJi^ 1 rtn-^fl Qjfc ^j.ajjl ( j_u_uj . jSjJLI (j_« L«Lx-i ^1 1 nil ^j "^ > (_7-^ 
Cjl 1 nlu -i"j ' _1^ Ls_L.ua . L _ ) _._a-*iJ I JjJuJ. f<_JL»J i !j_i> (___) (3__l 1 11 U) j» j J - " 

lJj_U___0 r-LCjVl J-Jol Lt_tC.jj 4J_3 l(J_-ljJI (j-O JlJJ-o'-'l (__J_l!l J*V Mil 3_UjJ(JI 

SiSLjJI 3_u!il_>_tl ^3-3 -ll-jj -ill J J*""' (j^tJj) LuL_) . j-ijil (j-o i_Jj_l2J (j-*Jj 
Vj . _ij__v2l l-l-LlI I j-ij-o ->---, 4_u_^j V 7c-j_i__3 _--->■ jlj o"u 11L1 LLlLc 4jl£)IjJI 

J___l (jlj I I t-j--C 4_Ljl5L_>JI (_Jj-9 (j-O L_(_LJLO ljlji_La VI (Jjjjalll (ji » -L--- I "' 

(_Jj__JI (jl .4_j_iL_JI (j_o Uj->- k I jj 1 1 J->- j J ' a a i__--J (J^L>- Cjjjii! LL_u_ul 
(j_oj ij_*_J1 JLa 4jLuJaj 4___ul <jlj__L_ Cjlli 1 g I l_-_J| J-ilj ^ i n"- _-J-- «Ul£)1jjI 
c-c-L-J I j 1 c (___5 lL-jLjJI (j-aJt-lJI (__joJ__ _---- 4__Jj-o (_Jj-5 iJ-LLas (JjSj (&- 
j__.l «LloJi£) (__JlC 4_ujL>JI (JJ-Cj il i«LoLol oLoJl£)j l___.1__u (jL£ lil ijjj_j'_'I 
. jfTjII (j__ I jj 1 .it Juui (___* (_--JI ^ 1 1 n> «lj-^l "^i^ (j-° 
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Jja! Jti^. IJl»- oj±& L^IjJ1jl3 (Jj£j 1 JLJJ '^U^ 1 ^ L* (jr^l -^Ap ^i 1 ^'- : ? L " l£3^ 
(^Jc i«iJ <*jL$J V J^la ^1 jmiaJI JL*J dlljj istjiij i5^1 1.1U ^ i_2>Lli-l 
JjI^jII i La » i a 1 1 IjJaJ i«-2j jj^j jlj o"n nU 4-<i5t>- ^j^A^.',j-<-,ajtl (j-oAj ( _ T 3-4JI 

. .s_jj_uV! i_Jjill (jja 

(&j*jv (_gi Jjjji! i_^2j j^c I Jljjlj ^ILo ^IjS 4jU, VI c I JaLflJI JjIj ^LIjej Vj 
^_Lc Jlj_j V (jj^-J '■- ) -^ 3-^J i4_flH>- ^^-SJj (jl (_|a£ t(j .10 ."ill (<s^=-»- i_£jL<-uJ 
4-Sl i na VI Jjj-uVI ' . i dxl I £>£, JJtjj V i_£JJI) CJji^JI (3^' (j-o SJljju 5Jal i .a 

(j_« (J-^jl L)^- 1 ^ L^*-^' -^3-*-" ^ * * tS-ul (jl *^ ' >*" * I Jufc (j_« * V ' a ' ^ 'J l^-« ^J^P 

(_gl (- I c l_j_^_a Lj Jl^ Ij-2Lj J-JJJ (jl <jS-«-! i I i I no i"i jj-o 3j-o 4jLo (_jJI ) ■"■■'- 
VI CjJLsJI (3^1 ?TJ^ <jI-2j (<s-C.J 4_La i—il^pJsVLi j-oL*J ig.1 JaAJI (^ j^L^o 

t t_ii3 (j_« gL^l ' u a ^ 1 c j— 4-1 L«jLJt£. i(J_oJU cliejj 1^_x-i3 f-^ ^3^ Cjj o"< < nl Ijl 

. 4_Lo 3^£. V (_£JJ! jjjpaJI ct^ ' k* 2 i u Vlj OjjjiI 

(jl (jSLxj * -i^-ul * *-23 ^S^_« (_^ xJLi j-Aj ^J ■ 2j i ■■ 1 1 * I uifl ^-*1j < 'j^* cj! 

CjJij>o clul>- i Rotating Black Hole j I j.j .ijj-ul <_JD 3JLv ^^3 Sj'j-c. p£l (jj£j 
Stationary iiulill jjj-uVI irnMI 3JL.) 3-liLJI 3JUJI Jjl^o SjjJo- f-jtsj 4J 
.-I lAaJI JljIj (jl Liv . L^j cljjj^ La lil iSj-lIo j_lc. Ijj-al jJ-j3 (Black) Hole 
<3-j-»-LiJI l j H a jljjJI ^jjjial ' . JojiI] (_y3 '"»■■ I jl iJ^LJuJI jLojU i^y^j <"n ' n 
(_Jj_2JI dJLLj 4_^3 jJj^jj ic—ij Lsell (JSLtuJI (j^ j^>JU JJJJ i-M*»> «LuIjjjj<VI 
oJlj^j . Jij-ijiil ' . i S-x-Il (j a SI i a a> (j_o 4_j_g3L>- (_yjfc (_j^-!tj 'LuL^J^UI 4jJ-ll 

j^jJ,l (_y3 «-23 i Lubj^ jjL>JLIj ic^jlill jijjj/VI i _i ?"i 1 1 3jj^i!l 4_lj^3L>JI 

4_»^jl Ji^ i^jLtJI diaa. (JjSLj .- 1 i ^' a JjIj (_gi 3jI gill («^ I J ' a (^Ljuj LoLjj 

jljjJI jj_<j<VI ' . i S-i II (j-S^-Ij • jj_<-oVI * . i S-Jl ji<* (_y3 j<u cjJlj>JI Jj^l (_y3 

(SjL^J^UI jLJLj «LujL>JI (_£jJ3 ttxx^) 4lLu^3L>- (jjSi L^JjJlJ jl tlju^S 4 Ise i"i_) 

. ^Ijjlr nVI Jajv JlJ^. 4_il>- (JS mi (_ T l^. 
il ja-Lj <— ij^J I j *'* /t" m i n Z j I J i 1 1 ajjsJJI iU_JLii (jl dliaJI al olr J r~n\ a 
<— £-I l j i"i (_y^ (j^a IxS-j-m (_gjJI J j''"' ' "XI (_5-3 .-■ i^JbAJI JljIj (Jl3 joj (j-oj iSjIjJ 
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(_yll!j i3JjL$JI «LuJlj>JI (_£jji!l tiJJj j-j3L3 < « < r nt 0«Ll£ *Tn i ii jljJ Jjj-uI i_c5j 

j-pal jljjJI jijj-ual ' . . *~tl ^t\ J^tiitj .(jljjjJI <icj_<_u L&j_uLj ( _ T a Jj>j 

lLjai "J (_£ jJI f.\ ua2j\ JljIj (jLa-ujjj^o ( 4 -?- > ' (j-° S-LH^ lS 1 -^' liilj (J!Lo-j_uSLj 
, U , || aj ^ ji j_jJLi^aJI jljjJI Jjjj/'i/l < « ?r"r T 1 (_£ «U CjJl^ej U La^Li. i^li-lj 
«l_i£Llj iCjJir>JI (3^1 (_y3 <= CiLvj Jlj-ks SLpJI Ji-lS ^Ir ^ 2 jj (jl 4_cSLaj ijaj*^>JI 

Cjj_«j jl 1_Cj_jv Cjj_aj /. " a. oL^soVI Jl-j-^vj i_2^L_«_II (_L>-I.3 JJJ^J J la-j 

*j^>JI /j-d^ i2 mi frjJl /j j" ' a ^1 ^£.Jj i2 I'll h^/I ojui (_,lr 3-iLv^l (jl 
dJJi (j_o (_yJLc jJs (JJ-S-J ii2lijL>JI Jjal J^Li. frLilaAil JljIj 2JL-vj (jjfl Jj^' 
■ -i ahl\ ^ «L3jL-o Jl3 (Jj£j lS^'j iSpacetime (jLSLUj (j-oj-JI t>V (J»-I>Jj1I 
jju ijIjjJ! jjjjj^I i_J£JI 3JL>. ^ (jSLIj • LuLij-s^ ajUJ.Ij c^jIII! .jjjjiV! 

Jaj. JlJc^. «L2L>JI ^Lu^oLi- c_ijj^3 A^V ' "'*.' f-^J-JI J^ jiLjadJI Jj!j (jjSLj O' 
3j_o (joUlj (j-ojJI I Jj** (Ji-ljlb &-£>■ 3JijJl>- cLaialo ^^3 iLaJL uJ i^Ijjj-uVI 
. 4-j_ilj 3j_o d ~J "j ' " cl^>o s I i^xdJl JjJtJJ aLo^I ^1 (j_ojJ! (jajiiij 'l£>*"' 
(jLSLa ^^Jl jLc J ^ a lyl J * LaJI »l i^jJI JjIj ^j ■■ a ill Jl3 3JL-vjJ,l aJJt j_^j 
.Cjija Ju3 4-i£.LLo (jjS3 j-o^l 4JL<JL>. ( _ T 3 (jSlIj ' lyJuuJal I j<sJL«JI 4 j mi_i 
jj-T Qi^ 1 3 1 1 ^" a fJaljJI ^yfl (^ iC^^JI liili ^yfl L^ii-J (jlll 2 2 La i 1 1 3 
(JLcajVI 4jSLajj (Jj i Jijjj/21 i i?"tl 3^J-° Cv^- -iLjGj^il » jU" , uj jj 2(1 3-<fcJ i LoLxj 
4-2-laJm (J^L>- jj_a i_jj|j_^JI JjLaj Ji^ 4JI Jj i4jla IjJaAi u (jJJJI «LjLa3jj 
(_yi 4jlr L-L-vj 3JjL>J,l oJl^j aLS lil 4_cSL!j 1 1 jj'a i la 2 1 "j jj. 1 ' " c?-^' ^-ri>*-" 
iL-flJiJe-a (jji ( _ T 3 (jS-Jj sL^jLiLA ( _ > ^>l^>- Cjli 4iLilo (J^L>- j^LcuJ (jl i*JsljJI 

»l Ja^ J^lj (jl l£I .^<ujl2J! «Uj^ (_,JI Sj^jlII IjljI >_iU"i i nj (jla JjL»- L<i^-aj 
(Ji-ljJ! ^yJI j-3J-ij ij_lj£LII jIjjJI jjj-o^I t_tilll ^J^i.^ A>?-*J JjS!i i «U 
i(jlSUIj (j^jJJ 5jjL«JI ,_>^>I^>JL> ( _ > iiALc. i_jj^c (jlSLo (_jJ! 4_Loj i^£jJ,l «Lt>-u 

(jl Laj ..j^>.\ (jj-\j 'r ' i^a-dJI AjIjJ i_2jJ|_U (JJ^JI : lj 1 - , 5^ , J ' '**"'" 'LJ^Jj 
(jl (- i "<* La Lai iIjjI «LlII Sji^jlII » jU" , ,,j V (_J3- i«LJjS p. I <>»Atl Jjlj i-iJjJJ 

.4Jc 3iL3j S^SLa ^UJjJI ^jJ (_>ujia ji-VI (jjSLII Ijl* ^ oJl^ej 
c^-2-i (_5-Lc (_gjJL»_j (m) j^-^' 03^-" o' '»' oUll (_>-^*J ^j-±£ \j-& f-°J 
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^Jl »l 1^-1 ii tl jljIj (Jj-^ ^Aj •(') Jj^' (jj^-ll (_j-2 jj-^-j-«i! JjLx-« jjj-u! 
4 IS oji ii ji-VI jijjj/^I ' . . *~tl <_a ,Uj^, ,.tl j*j| jLSitjj i(|) cGj£ ^1 SjijjtJI 

J—4J d ' i- d * JlJ*_J L«Jl_Lc a lip t 4_1^C_3 La (jLc^_<_u (jjJj * 4_L£DjX. J^jjl^O (j_a 

JlJJL^. tj^S ^-11 («-J (T) .S^-j-uVI t cfllJI ^£j-a (j_a i(J-t-o 2l (3^*^ ^J_S- U ^ (J^L>- 

Jjj-ui i_-c2-l (_yl^. Liiaji (_gjHjeJ 4_iSjj (t_ l) i(l) (j-UjSUI (j£, (—fljijej (->•) js>- 1 
(j-a Lijili 4j^L>-j /yi j o" i n j (jl itLUiii!l JiSlj » j'^ 1 "" "_' I JiSL&j .(JjLx^ jlj-i 
. (!) f^iuus^l 4Jj£ ^1 3.J»jlI! (j-a I JljI (jSUjJ (jJ 4_&Jj ij^J (^Jl (jj£ 
(_£J_JI -I .>.AII j^| ma ,Jju>o V «CLu^L>- (jL9 icluliJI .ijj-uVI <_JilII Lai 
(_yJI 1 (jj^ (Ji. JU La (J£ J^a- 1 1 "i i ii I g X I j . . J^i-Tj (jjS" t>V U^ "*^ ' ^ .' flj 
jtJSjJLjij .SjljjJI (jji jiai.1 4jjllII sI^jjjJI <_!jjiijl (jl Tciia^oJI (j-aj .aJLc 

. SjIj.} frlja-mll * i a aj 1 1 -* la * rt cJ3^ cJ' ^LaJjul 

j^l mil diljd ijjlII! LgliSBj ^ylll (jjj^VI oLvLiU £y» jujl«JI liJLufcj 

(jl La3 'j'j-i Jj-"-"! <— Jjj (Ji-I J Jaj>JI f.yui «UJ3jl JiJS (JjSLj (_£ jJI »l laAll (^ 
.(j_aj_ll (_j-3 «LL-vjJ aIjSII «L»^5ji 4-aLal (JjSLj (_j^>- (_, I i<i2l 4JjS 7TjL>- ^-2j 

(jSLIj ^jjji'i/l (_J£J! J^>- jjJj (_£JJI jl jJ.1 J^>- iJjjI j- tii^ 3 cA j'-*-" '-^ 

r I ua-aJl .J-jIj i a ulSj ij^>JU (J^>- Sj^jIj 'LL-vj (_p (_j-3j ' jLiiia oLsol ^^3 

^jj 4_iLb ijjLjkijI 4juulajq . ^jj-u'^i 1 t calul tJUJ-^ ^-* * *-<-uLuj ^j-ajJI ^j_a Ijl jL^_a 

(j_a IjUl (j^La^j (jJ 4JI LiLLs i4 j i nS (_gJJ! (j-ajJI Ijui aJlJt" i nj (jl » jlaj i uj 

•j-3-1 (_5-!J (J3^ (j-a J ii" m Jt^j i ii (Jj t(_,l i^al 4Jj^ ^1 S^^jlII 

Ijj VI /ai3 V (j-ajJ! ^ 3i^-jJI (jLa i^'imimV S-u^^iill <b>laj uxo-j 
^JlA (_^b (jSjj t^j^**! i na I JlAj r* J ' ^* ' I «Lc^j_u (j_a jjii ^^1 i nl, 1 ^lCj-uj Cj_jIS 

I Jlj* I mi ijij i r j i a 1 1 «Lcjjj/ (j£, (_L33 4£.j^uJ (j£La-« j n i nil (jl J^>o 3JL>JI 
*2ljJI ^yflj .j'j^' J>^uVl I_t2lll Ji-b tLUiii! ^jJ^jJI SjuxtaJI dJUj i. i j i ,i ) 
j La ' a J£ (j a a I " L^jV i^LxLiil IJl>- 3jj=X.J^ (j-°j-" iy^ Cj^L>-jJI oJLA (jl 

.(jjsMI Ijuk ^ 
t_il^>. i_iILui (jjijJj lj^>- SjjstA njVI /Ji> i~i mi^jj (_^II 4 l^i "VI (_p (jl 
diLstj c^jjj jtS Lij-iSLij 3^j^Iaa <JSVl ^Jlc jj^UJI c^^JI ^ l^jlr ju£l 

Jij^j V Lei lil I ' a a j a j-J-«-i (jV Lb 4^»-L>- Vj iCjVLi1>-VI ojut (JILa Ji jj i nl 

.j_iioL>JI (jjtgjiaJI LULc •" J^'' (jl VI 
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(JI_«JL>-I ulU—La ^jJLlILij ijljjJI jijjjal * . lS-ui -i^>-j (Jjtl^J.! (j-o ij^3 



5-jj-la-i '"'Ijj LtaJi *LjL«JI ^j^»_' f-i^J i^IjijjjJI <_!jjjjjt 2jj La-Ll l.}ljij_al 
sljl CjJl»-I (j-oj .slxiiALiJI 4_oj£jl jjfcljJiJI i j'-\' jj 1 "^"1 «Luiauj r - JLx-ij 

. jl^_i_U 2 1 (j_* ^>-J-U 3-A (JJ t I M Ml «Lt£. (Jfl^JU 2 jJ^^E-a ^>- I tJI^S (j-« 

(j-C iji-l (J3^ u^\ J <i" '"' j'j- 5 Jjxul 1 -* in (_Li-l-i (_y3 ^li"-*.! (_ylll S^ULs 
(J^jiio J*v ni (_yi uLlLui (JILJjj iWormhole ^^.J^SLJI (jjiilLi ^ 1 uj La (Ji^ 3 
(j uSLc jjfc (jia^al i . iTillj White Hole t^a-ual 1 . iTitl *s-<jjI 4_ilr Jj I Laj (_yjj£ 
* . . *~tl 3^j-° i_P"^ 3 '^ '^-^ (_p ' 2 ajj SjLil /- aj scj Lo-Ll.l3 < jijj-u^I 1 . c-S-iJl 
^yJ^SLII ,3_fl_L)l J^li- «-ajuj l-^JLa iSingularity 3j_<_«J.I «Qj-i^Li. ji j^o^l 

^j^ >1 i t_23 jJSwtoiJ ^>- 2sl q^SJI /y^"< a u se q (JS mi )-^jj>* I 5j_a Jj'h Til 

ij-UJ i4_ujla CjIjjx-o (j-u La 4l^a IjJL».jj jl nj VI dJLLiJI »l olr JjLajj 
Juia . L4I0 4iiLilo QjSj Lx^J L^jT OJ^JJ 'G— 'Ijjlj^-H) f*3 :: ?-<-" flUjJil jj ''*.' 

ij_U L^JjjLj (j| (_^>- L^JlJLiaj (J-* CaA3*I JJljJ AjJSeJjl £1 I Mil tyZJLi (jl I ft^>2 

oJlj* (jLa IJlj* «_ oj 1 L^J eus- 1 < ^ 1 1 3^j>J,l (JJIj (j-o 3jLa (_yi^. Jl>-Ij ^l^*- 
»l I r (_>-a-itJ mJ|j jJsj 2al Utl ( j^ SJjij^a 2ji^ j ) uaj 41<fcLJ! diljjlj£LII 

jtj j j U"" ^)| ( jA-o_m3 ^Lj-cis (J-^sl Lai idJSLfc CjIjj^o ^1 J^tjj sLulo 

. Dwarf Galaxies (»!3^i CjIjjw 

.slJuLi, SaiLi j I la uj Jal Miill Sjjjufu jj^J I J •»■" '"' i _ 7 ^-!l 3 J Li La cl i'^j-1 <-;->j-2j 
Aj^aJjt tfl j Mil JULi (_5-J-II «L<ia_aL«JI 2 SI La II A LS Mil, ^Jj^» a j j 1 iLflj I Juij 
<>_j>Li Jju ^yk: ^yjfcj LuJI J^aJ Mjjdl jLl^JI lL»I iliitl dUjj i(olj3lj£UI) 
j^Qil i/c^jUtji jjisL>JI CjJa^J! (_ya dJIiill si olr j-jLjjj .3_ujjiaJ| CjIjJ , nil 
aJJt *J2 Ji^J i3 JUJL>- Cjljj^a ZSj^I CjLajL3_o lJr & Cj I j j I j£J I (JJ-lLi lil L«jO 
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I jj'a a^cJJI (j-o j_uSLII (jLa iCjIj^>J,Li j^jlII aJl23 I <K «ul (_p=l^j£l S^SLiJI 

3^j>JJ 31j_j ^jlj . 5j j * < <•> ^1ji^_i_u * 1 a <Lq I g -^"^ /- fllj /cj *7r j i"i"j j j U"" jja 

. j_o_b i^taS Jj^j_u1 Lloj ■*■ j ' *~*" JL9 ^_ajul i _ T S A 1 SjJ LaJlJ^. 
IjljJLo /I^^-yj i3j^>JU ( _ T 3 <LuLgJtl ajLil J«-L<jj Ski (JjL^JI ' ■ lS-uI I Jui (_p-oj 
CjL1j_)^>JI a I J La '^»V ■Lj=_lj_l£ 2 SI laJI jjlLaJj LoJiJl^. pi < i°iiVI (j-o I ijk*- 

jij_<j/2l ' • 5-iD cjJlj>JI (jj-sl C3-^ 4_oljj J S, i"i _) (_L>-j3 (_5-*j ij^*.'.' 3 ' '" * ,' 

j&jji ^^3 (JjloJ u jjiij $yui\ Ll2j £1x3 (jl »l oUtl i j'-» - ' 7">^' -^ <J^ -(.pL^-ll 

-Q Z \ (jy^JV L_3j)J-*_« ^_LC-^-t-« Jl>- ^jJI _}JJ_U 2 I i cfllijl (J-i-iaJ (jl JjUJ 4 LjjJJ?C_« 

3jVj «LiLiC (o33j i ( _ > ia-ol ' . ■ ""^ j-»- »l U5^' ct^ ' ^y^** (J^""' C7^ Sjlil (Jj-J-CJ 
.cLJLji (_L-v (jJL>JI VI L&j-ai (j- (*-L*y » *' J y- 1 -^ 

l—JJjjicJu I j"a\l C J itl JjjjJI C-lJjjiiJt S^SLflJ^iiil 7c_LiiajJ (C-ljJjj tjS-Q-1 (.jSLIj 

y-jj) a i tl IJLA 3_oLaLi dJiill »lolr qM SSc aLs i3_ujSL!I 3^^'j cL^JI 

.(51-JSLi) 



JljiS pLJaaJI Lai i«Qa£ die jlj}y <j-°3-" o' 7" ' *"*"'..' 'JJ^^' J'v i"i!1 (j-o 
(_, I r 3_LjLa aj U -^ ^_3 I c I (_,JI li]j^tj-i3 ,-j itaJI Lai ^ SSI JS uiJ 7=-^J 
J^Ls ^Ir jtUr.'a e j , ^ 1 1 Ilcjjjj ( j_o Jjsl (jjj^tjj ^^ilt »l j uiVI Lol 45 3->-j-5 

. ( _ t jj/IjJI ^jILcull (_yJI v 1 ^' S^Lai. 
3^U- Juc (JjSfjtl LLaJ"JLa ir-ijxJjl (jjj JllaXI j-tc *j^JI (jJJ Vjl jjajl 
(^LiLo j»j-^><-1 <lcj-«J*-a jl («^><-i) SjL^llI ^Luioal -- La "■ (Jixj 4iiLaJ,l 4-S-La-Lll 

uJ& S^>-j^ 45JI tLaj. ^43 ojij>JI ,3^1 Lol ojjjjVI i_J£J! (_aJj3 irJL? ^pJI 

. * I J iaj_u ^j Lu-u I ^S ill \ (S-<-to JiOJ-o 2i 1 t i fl-J 1 ^S>_a a t /cj-uvJ I 

(_LiL«_^a J 1 La 1 1 *j^>JI Lai if.\ usAJ\ iAjJs: JiU^a JlLaJLl j_uL *j^>JI Lol 
iJlLail «j^>JI 43JJ I Li^ajeS lilj . Jijj-uV! t_^2ill (-aJjjJ jL^Jl ,_£ jJI » uJI 

c-i-a-uJ 3lj_o 3jj_i^3 ijj-2 cd-iLa 'j^>-l oj^ ^y'_9^ j»xu2(I * . i <L II LJ j j Laj 

^^3 sUuIoj^ L«jkjL>-i (ju^L>- (jLoSl Jl>-jj Lo ,d asAjjaJI jLtuj (_^£- Jjj-ujI 
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/<s_<-uj_!l J a ui! ( _ r ^ I o iTiJl^vI i(jlj^j_o Liiajl Jl»-jjj . LaLx-i 4-HIai, I 4-SJo-lX I 
Q^SJl (j ■■ d I jj-* (J'O"^" J OH5\5 ' r* ' '^* a l"^U * rt ^js JL>-jj LxjLSj jJljjj 
(Jj^sjj <AJlSj jJijj^ i^j^Jl (jjjiill ^o i nl, 1 Lkai-JI Lai .(j-uia^l (j-a <_P ?TjL>" 
dJLoj^la (J-tluJ cj' i*'*'* <J 4JI ' ' ■'"■j" ?- J>j-«-cJI I Jui (j-° J 3 12 . £puj£LJI (j-u La 

JLj^j (jl dJ j Ir i-cu 4J2 4lj-r"i i n a 4Jl»-jJI ojui (jj£<3 ijJJJ 2 Jijj-ui '■■'"' 

^_a) ^_&J ^j uaJl (j_a p^_j_ui ^-bl i n J (ji t t^e_» i^-l^SJl (SaUI i cJ2J ^yi JLaJj 

.JL^a 
< ' a **' 1 1 ,_jl J-Aj <£" Jj-<wJi <j-* ^Lco^L^tHj-u 1 ^jS^-i ^p-* J-*"' ^ct -4 -" ^Lj-^J 

-(_£Jl>- (JS i"i t -I i^a-uJI i_jjjjiLll oJLA i(j^jjjiill (j-CcvLJI jj-a JJLc JL>.| JuSj 
4-a.uaj CjljjIjSDu jltij Lij^j-^VI (_yi>- "l-ulol^j^l r-jLaj -^H*- LijJI C^J-? 
(jl l*LI j jJljsJI <LjLJLj r I La-i-jJI t-jaJLiJI (_j.ll j la I i (jl i_ <jaj 0^3 i4_caL>- 

«t_iSJj 1 1 -^ **" I i ii M 3-Aj 0^_La J3 ^1\ ^JJlj 1 u ^L3 (j^SJLi (jl La 4 _}^u 2 1 t J2HJI 

. Jj'iM (_yJI j ?' 1 11 j dllj JUu 
Ij!^.^ (jL? 4JI Jj ^La-Jjjj/'i/l 1 . ?"i II ^^-LajJ! (j ..Cll-^^j^l ( ,S"tl La? 
OjLsciLiI CjLki^J (j^J>o LaJio£.j 1 LuilJtA ^LS 4_cSL!j nJjSDI (j-^ *LilJij Jtla 
jj i^jj LiJJ (3^- aJ £ '-2j>l3 '^ ■ aJI (jl .SjJi^tA j-^c CjLsjI ( _ t 3 3jLt,l 4_La (j-'^-'-' 
(jJj^La J-;LC. da-uijJl (_y3 La (jlSLa ( _ T 3 Lul i(3jj*j1u p Jl>-) 4 1 miJ 4JI jjk (jjSLII 
.SjjjtulJI (_ 7 i^.l J 11 *- 1 ij- ^-" i»L>olj iZjst-uA\ aJJb i_al^>- 5jjj (_t^- 
(JJij i(<— )) «LuLi 3j^=-a ijJLui (jij (i) 3j^>J,l ^^3 j'nt t Lul [jjusj^ 3L3 

I g I a (J£ JljJcJII jjj-^ll 3>^" U-'S Q^l '^~' ct-^" O^J^^ D^-Lh? 1 -''' (jLlLA 
. (jLdLu (j^jJI J-xIu £j-£>- 52 (JS i"ill (j^ •» 1 tajj Lii 1 Laj^Ia 
<-.U^ , „ Ji^ j.a'i/l *Sh\j fjjS i_,3' a K"'n"^»l J^ (<-;-l) 3j^J.I (jl LLJI (JjieJJ 

1 Lijjii (^ S^Lxil ^s-Lflil jjjjloll jj-j-i o' LiJ (3-£-<jj (^-Ij • Jjjj"! 1 , 1 3j (Ji-I j 
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. 53 jSLJo (_yi Li£ ■" j '^jl (JjLtuJI L;r L&\jj&*l\ r-jjjijjl I jut (j m'v t i i u LiJLa 
r"Ji^-4-ul 1 JlA (j_« 7" ' '^"'13 i (J'jL> _t " u ^ 4 1 1 tit jjjjjSju,! 5^j> ilitl p Jl>- t-Ji^xj (jj 
(_£jj cJsj ^yJ! «b JirVmi i Jtj^j-cuJI ! JLA (^jia Jl»-I (j^ (l) Sj^J.1 31»-j (j' 

. (jjSLII ( _ T 3 t3-4-^ C3-*J i3Lj=-2 (<— i) 3j^>JJ 4_l3 

uiai, ^jji su^ii i^a 

CxJL£ I jl VI ^Jj-a dJ u-u_l! i(j-ojJI JJ>*J (j^LiO-VI (jla till j£ i ajjuaA, I 
jja CjJljsJI Ijlj* (jl (JjJLII » .Jaj i ■■' JlJJL^j .tfj_L4-i «LlIl<ILo CjljL»-l ijJLui 
.J I S" in 1,1 (^ CjJlJ*_j Ji-3 0J-J£J '(jVI ■— lJ-*J t-Ll!i <j?J i^yi^UI ^^3 *-3j 

(j_« 1_»_lJj-J (jj S II t^J— 1 I 1 S l_«l_4J i«L*JLjILa Cj1Jl>-I (j_« * <rH>^ J-** 1-4-lLlJ 

(jlj ijjj^tjj (jjSLJI (_y3 La J£j i«UjljJI (jjSLII 4^3- (_,i^- J^jy (lyj^'j 
*_o liJj-stij 4J| VI .liLI 3 j m ;1L> LSIj La (j^aie-u. (jlfT li^ • Lu^ LJ '-4 

. jij^-jJI J-j-ta a_£j^»JI (jLa I Jl^Jj njjiL!l ^ js*~\ i^jJ^l \±ju±j1Vi i_k>jVI 
(_gjj>JI <_a}LiJ!j i _ > l=jVlj oLcU iSiVIj cj! oj 1 ">Jlj ^j'J-l'j ^j-*-^} pi i n'tVlfl 

(_p . (Cj Ij^sJ, I Cj Lc ^ask-o) CjLi£j£L!Ij CjIj^>JUj Ajja-Jlj (j "i iSJIj j 1 "Hj 
4-*-o (Jji^cj (jl JiJ ^LS iijjjjtjj *(_ t jIi (JS aIj Loj .j>j_l«J 4 j 1 nilu ijjjjtlj «(_ t jji 
t_gj 1 11 J (_g JJI 4-Loj (jl ( _ t Jjia-i ij^isi "J-*^ O^ 'Pj-^'J tiJj^o I «iK i_gl 4_Loj 
. «U2jGj*_a ^^>-l «LLajl 0j\ ^js>-\ il^\£js>- ^ya 4J^>- U, 4uu flu ^'' «L«_a 
LuV di!j nJljjiJI (jjijJI L^LaaJ V JL3 Sjj^i: S^ejIi jjsVI t2lj ^ ojui 
cLLlaxj La jJ-S f, I c jj_aVI JS ,jji_l2j ( _ > I3jVI i_*£j£ cr^ LuLjiiJ d *J. ^.' 
j 1 aj flj V t(j->" mi'mV 4^L«JI 4 _n 1 11 ill 4jjJajJI (jl «^I^JIj .Sja-aLoJI LujiI^>- 
»(_j mi II <Lcj-uu (_5-Lc JLaaj-i (_£JlJ1 i(_jjl3jVI LLLojj AjjIojVI L<jIJl>-I (_yl£. 
(jLa I Jl^Jj . JS^ f jjIojJ, I jlJIju V 3jj^sL9 ZbjJaj LljlSL! iJ^Ll3^Jj , daM LaJlj 
r-LaJal S^Sla jjk 'iJ^J. J ^3-<-oVI ' . lS-JI jjfcl^iiJ LlLlLso (_y3 Lui LLuj(j La 
c.|_ii3jVlj (j^jjJIj JjJaJI) 2_«JjVl jLljVLi J_ol_»IJ LoV <(jKJilj (j-ajJI 
(j^ 3j_uSJI (JjSLII jI^jcj ( _ 7 1x^j f.jjua2j\ (jl S^SLs j ■ La i LiJ2 I 1 aJ la i((j-ojJlj 
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jU.1 (<s^=-(J! s-y^z i_aljj*Jl jji Curvature <_jJlj*jJI VsJt, tjljLiJ (_jjl»-Ij) SjUI 
.((j no Milt Ktl i-ajjjiSLtl *Lul «UoLa «j JlSj 'j»>?JI 2LaL>. (^ic 
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f lirt i ti l | p ft ft *'\ 1 1 




jjj_i_ul t uu t __A Jjt t(l275 ,jjj -r (j) <Llau-u-tJI d j"j ^j ■ ■■'' 3j_>JJ : (50) ( _pLju 
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1-igjuJI ujnjJIj Od^~" 



Cyj* 




3j_*_iIj f--^>- j"Iij-<u ■ (52) t JSLjj 




Jlj>caJI £J>^s :(53)J£_J, 
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a!_)-3^! :3-j-o-aLLll i±JL>J! <j_a fjj-il 3J0J-J J-^-jj 

/cj?e_u1j . glja i nil t laiLJl a {j^j3^juJ\ a^j>oj pi tjaj-ut 

3al tall 3_l! all iSjjjJI «G^LcLcJ ejiiialj Lajjil Cjj^j 
(_, I a>l jJl (S-^=-tJI ilaiu^a ^Ir 3_Li3 Utxll SjjJj ija]| 
' " 1 1 2 ■ La 1 1 JJLj lL*^o jLl^jVI (j-o 4_A^. /, 2 jj (_g JJl 
(jjj-jj_i_(J! aj^soj - I i^aoxll A^jsal Lai . 4_l»-jL>JI 
(j-oj (_gjljj>JI daj JaJI (j-« 2 Ja i^^lLso dajb^a I Jj-""* 

aj--^_'lS «Lj_iLjJIj sLLsLi- aj^=_q ^j^l i (j 2j 2 g. II 

.(diljLcuij) «Lxiaju 

L^JLa-jj^vj L4J ^L^ l^j-yljij m 11 t-jj^ill Lai 

3j-uii,l d i nllj i 1 Jl>- 4_cJe_u3 ^3^-) jl^J 'I ^ya lJiJLjj 

^£2jS jl>- j-Aj iCjJlj>JI (J-3l j-& *1 jojjJI ' -i a 2 j II 

^^j-jLiJl jaJL*Jl (j-C -Sj-j-u^I ' ■ JLill (Ji-lj (J-t^xflJ 
CjJljso ^j_<ji2| c^-2-d I j-tbljlsj .4_j£ (j7ij< i (_JJJ1 
jje_i 4(_^ji Ja-2-i uj tilx-L>- iCjJoJI (_^l 7TjL>- LoLxj 
jJij^ i4jjj,l <LujL>JI (_J3^ tUaJu ^" J Jijj-u'iM i liVill 
a^cJJI (_pmjj . LoLxj CjJLsJI (_^l V 1 ^ l -***?^j "^' 

4 < i"il (jjJ-Lsj jijjjil LJjj Lajl>-I ijjSj ^ *^J-l>*' 
Ll2j l-(_^uSl «L>-L>-jJI (S^>o (jLS Lxjjj i((_^u£l) 4j m 111 

■ -ij *~- II Lol . IJlj* JlS'Jj 2_j_aJa 3_tal i dl I#a < _jjj.ul 

Cj LLj-a-gc-J ->j-j*_o (_y4^ i4_oa£Jl (J'-'^'^'j s ''"■..'^ 
(j n j Ij laJsljtl (j-o L$J (jjjL-ul V r- Jlxj jl 4-ul 1 m->- 
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2 ji yc • • aj Ju3 f^JjJI (JjjJl^c^ i HLH^- 1 L"»Jl»- V! I JjI (Jj-Cj (jj L$JI I Jufc (_yi«-o 

4_^a Loj (JJ^LH \jJt SjCjij (_JJLo Li! x i ajj ajj Ji (^J • JJ-J! <12-<jL>- •» _■ i aj 

. «L»Llu (Jj*. (JjJlJkjI d 1 1 a * > ^j'm t*_»JL» AiJajj jl^_i_ut (j-* 

4_Ljl_»ia_flJI 4j£jJ,I Cjj-o 1979 (jlii) ^j -j I " * $ ui • a i a "■ ' a /_J|a». ,_£ 
J 3 a t_gj " ui 1 1 (j^ La>jl i n a ^& 2 La S ' <_j^J3Lj Voyager 1 « I (<s-Sj j-sLcuJ,l» 
. a^laMll! (^lAXI j»jjc. (j-° (Jre° 1 72400) >Lojl£ 278 • 00 ° ^ <jr^ ^^ 

L^jL^Jlc. Cjjii-lj i_dl_La> tiiAj-Ul JjJ Mill pU mi*^1 JjU>o 3-i^jJ,! Ci£ I taj i ulj 
j j i nl l_xJl£i L#j| *-oj . . . 4_> JaqacJ Loj ojLoJsij igj* mi 1, 1 •»■ u , ,.t j j . .-. 1 1 i_aV I 

jl»_l1I (_,!£. j (3^LJ! /J-lo 55,000) 3_^LJI ^3 jl* jLZ 104600 Slcj.^j 

3j_l1oj sLjejIoIj 4-jJsIjJ.I sLLajt^ (_yJI C^lcaj ct-^' JJ '^*^ OJli jJiS 4jJI jl luXI 
JlJ^. «Qjj^>o (jx. (Ljjjjjl) '"'jo '" -Jj^S-ilj-i (j^ilntl JI-9J . ..j-uiC Jl»- ^yJI 

( _ T a ''-^■j LjjjJ o-^j fl^ALji LLail^alj Lia> lJlSj LL>i» j j i a 1 1 dJJj SjuiLSta 
'"«■ ' i c JlJLs ((J-ljjjS) (jLc.L<ji (JjL^ L-«l .((CjLiLiuJI ^n I j) i aj (JiLb (jl 
j j , ,, A", tl jJ5j_3 Ijlj* (Jj-^-j -iLS>-J» 'J La («-J l^^jJI (j-o SjTia 4Jl_cuJ A MiitjJI 

I 1 c «LaJ-IJe_a mJjjSj 3_allic^a £U^_iaj 4 ii I" ^e_a «l_L«_p liJLufc (ji . . . (JjLuJ I j 

I < i n" m$j1m'Uj «Lul_LaAll d-jiCjJ,! (j-lJ l_*j^JlI! JjijJI (_ji£- «LaiII j oli ulj 
JaJ^jIi (j_a VLj_oi dl^La (_5-lJI CjLoj I * 11— I Sj^tjio sLLlLo 3^.Lji (j-G^ijJ 

l^jll lllj-i /_a *L«i«JI (Jj Mill II (_ 7 ^IIj 3-J-U3j'i/l 2 U -w t I ^3 , iijULutJH (J-L.-y.LuTJ I 

. 2i I^Id CjIj ii n 
(JiCj 3 JjJl^. LiljJl j J tali ojLoJSlj (_gjl Mill (jl jji i\ oUtl 4JQ3.Z La (Jjlj 

« I a3j j-al ,,il,l» Sjll uaall 3jSjJ.I 3-1^-j jjLi" o^*-> cUlcl 3 • ■ ta 1 1 (ji - ilaJI cl^>Ji ^.jLSLIIj (I) 

CjLajUll a ^-jLLJI ^113 ^j ^* ' ^^JtJLJ (jl I ijlr ^-Jj^lJl ^jLijl ^>. ^a jl LjjL>.a Ji^a ■ ^£j~ Mill (jj) 

aJu»Ji.ju jf a^th ,-,! . ; L (__'« J -t -j (jl^-l aS UJii£l aSjcjLlSJI j;j-==j ^ (P=- LaL»JI i_jtSDLi 

■ ulTCn (J^ja ^jjs 4lc ' ILfllll ' aASu Lfl^a Lij_ii.J CjLajUll 
jjjjjLa) 19 J_LC /4jLj 4_Lsc_c j^. 3jaj>.L-a (JjbJJLI IjljI j_3 CjLaj I < 1,1 i" la * rt ju aajj jl j^eja 

.(I979jlii 
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6dOijl? 



ojLaJ9Li (_gj~ Mill »l oUll I Jaj . (jjJJI dl! j (j_a 5-SJj'J-a J^Jaj tl iL»-j-i £y Q>^ 
(j ii j I jl_a-3 2l JJi^. jl «La-L*JI Jaa-Z /c3 5jJL-a.a 4j i n<u"i <icj-a^=-a 4JlSj 

4_«_ijl Cj_iLi L-a->jj ) "i c 3-j^Lj La-ilj (J^a (j^a Lajjj-a jls I aS i iSic (_j-2l 
<_3j_*Jj (j-lLJLv I j a uuSl (Jill (_j-*j) jLaJsVI oJuk (j-o "ijtjjl j-^lj j ■^■■~ 
i ( _ 3 _<kj . j" i n j tLSj Jl-lajL^-j WiUJ'J 'jl l5' cj-* ^Lj-LJ L><-I I iSj" "**i j"-*^4 

CjL_u JL£. ^ji j_lC . 1j_jjlx*d LiSqS LAjLQ^.1 jlS_al Jl>- ^^l 3j_u£ t(_paj ^1 j o ^ 
(j£, (—iiljtj dllj JJi^J '"^ Sj?< a jLaJaVI a'j-A, (jl ■ " « j J la ? 3-iSI Janll 3-j£jJ,I 

. LLu L3^li>-I I i a » ' I J i a « ' 
(j-C 1_&JlJ(_iI J-&J j~i i ihII£ ■»■ U , .. jj| j<sj 4 a 1" Ae_a jLa^.1 CjI j I j^jt" ■ " a 
(j_a IJl>- j^JljS JJlC a I jJa-LO I (j_a jJljJ Lao Cj_a^>o (_ 7 ^J1 _^i>Jb (jr*-* L$j" ' "^ 
jLulJ\£ ^yfl (j-ujJj . 3-u-u U5t^-° <-3^T ^-VJ^ li^ 1 - (jr^ Je-La-uJI liilju liJjLuJI 
2 _i i ii a mi II 3x.j-a^>«JU (j-a j^i-T o^"- l£' (_j-^ l£>^ " 3j-<fcLta 'L;^ o^-Ij JW^ 
4_jJUiILa «Ljj_i1.} CjUlLv L#j i la J ~- I 4_a^txi3 Sj—u^ ^ > >» A ->■ ' ^ j_*l>. -Sj->-J Cr^J 

(J_<ji^L<j/ i_atj-»- L^JLij «Utijjj_a oLiL>JI oju* i_alj->- jJljjj j£jJ,l Sji^dLaj 

(j_a 4_jl_j LJji I ) J i " a3 5) ftl la II oJLA »l aUll j i "■"'JJ . JLu>JI (j_a SjjjI.} 
j o aJl ■»■ la i ■■ I /a^s-iis »jjj_u Ailajjl j^j-& ^ » >» A ->■ ' 1 1 3j_oj>J1 tJ^Sj (jl jj-a^m 
Sjlj^sJI jj_a IjJl^ CjjJj CU-ptJ 3j_i_j^ (JjJl£ a I U'jVI ^LL q\j j"i , M- iTl^ 
3_iJLjIla CjL2Lv (_yi >l3JlJI LajL^ *UI (jlj -" la i aJI ^ La »_' (_g jJI TtiSJI jgir'i 
Jlj^jso (jl i " i j I J (<sJ «LU (j-S-Jj (3-ij_i (_y^ j^jc^*- ' laj S i " JLi^. CjJLaj LaS) 
j_ljS JL^v ^^Jl SjIj^sJI sL^vjJ (_p3l_ije_il (J_«_ij «u,l '"«! aja- 4jla CjJlx^oj 

jjkj tjlj" miU (JA Lj>J3 4_lLj (_g JJI (_gl JJ i imIIS jL>- JJ- 1 ^ 5 (j-II H>^ 1J l-4j 
(J^al (_ T i^. ibij^aj QjSLa j" i ihIo JILa 4JI i^j-i (jl )<-<-u^Ju (Jl3 ';v'^ji SJI 

V^la I j « U ^ j (_jjJI 4ji^jjJII i_3|jj>JLj *(_yla d -»■ U . .. (jSJj (jLa^jtllll) «Ull (jx 
pc la i "j . ( _ > l3j'2l (_yi^. pJJa^aJu ^ Jj_' •"■ JJ-j3 (jylll 3j^ '"'^ (J-° ^' JlJ> -!! ^^J^-3 

i_L»_j «L?e_laj_u j^£- (jl LaS aj i imIIS 9t La i ■■ (j_a ^_uSLj (J^t ) -^^ 4_i^ JljUi-uL*. 
. 4_u_u (j^_iLa lJij I (^Juljj 2i jl aj i imIIS -^ La i ■■ j^ «_ij 

IjJaj Lijjjl j a-Sll jj iaj| (j-a JUJjlII Jl>-I jjjj^ajJI 5j^>-l » U" . .." ^^ 

\lXJt ,jJS J-a VI S^LjO- (j^J ..SjjLiiJI Sj^jil J-^3J-I 3 jmilLi (jJIJJl^jLibjJ 
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4juj2| jLiJsVI jj£I J I iS J "^ *J13 '^*"'.' JJJ tnui] 3j^»-l I j" ■ iaj c (JL>J,I 
d gela , u a . tflj /- J I 2j>j-j. o^ I j o 2J| 1 Jufc (jjj (ji ■*■ t aaj| JL9j . . . m$j" ' 'ill (j-« UjJs 
(jlijj ^Jjjj. pj 1 LaJI i la ta a»j i " 1 1 « fljj, 1 1 J 4^L>JI Jj J . ..tlj . .1 Ja^Ju (^J-o 
jJj£ 50 4 " i»j-3 j laja j-ijJJ I ta loJ Jlj La (jj^J (jl Jjiiaj J^VI ^Ir JLs-lj 
jJlXj jl) oJl^-C 3J)IJl^v (_yJ-C JjtJ I Jlj^J (j^Lal 'CbjJ tc-Lu-u (jl ( _ T i^. . Ijj-o 
...(JaJLs d_a-u (jj_<la 100 j (jj_JLa 10 (j-\_i L^j L-J-iji Ij-jJl23 0j-*£. si oUtl 
(ji »l 1 < II J 2 " » J j ..«b i-iJjLu A I JaJjV 2ljft jIjT j-lC. -— T. — - - - ■ 1 1 ^^a ^ ,n|j 
4-j-La-C (jl_i « Vj_os (jJajij . . Sjijjui 3jj-»3 4-u t~ j^c 4-*>-u ■>■ U . ..II 3_aj_*j 
( _ 3 -3 pi » <"i*l cLSIaJLa (j_o «_tLj JjJlJo (j-g.1* mi! I a '^a Jji-flJ r<C<J oJufc 5jj_*jJI 
i". I -a- 1 n jJsj . . . (5-SL.t^JI) 4 1 mij <»lj->- J'C mi f_j\c 2 2 la 1 1 1 jufcj . . (_gj"i 1S1XI 

,j_o Jalj 400,000 JjLtj Lxj l_La> pi * 111 VI SjJa S_jjL^iJI 3^>ll °j-&>-'\ 
t_gj "1 iii 1 1 j_<ts ^-ij-^l j-*j LuJLoi j o-SJ I (j-o t_i^2JLi 4_pjJ,l cjj_o Lii 

(ji j j 1 a 1 1 (j-o x Jaj| JuSj .. (j_<Jl<JL»- I j A .~..'.K\ ^jl\ jLiJaVI (j_o <j-uj-! 4_cSL!j) 
1 30 'LcLajjl *-1jj Jl <-jjj-c JS i"i t LJjla Jl1x-« 4_cSJj LjjijS jj-ujJ j~a-2Jl \j-& 

. Ijj-o J-L& 220 iUjlaj I^JLa >^£ 

^ S-La- -5j->-J (_yjk <LtSI i^anJI 4jijJkl CjL-uJlC I j"l-^- . .. Sj_asUi t_ij^.i (JaJj 

sLxl/tJ! (Jj-2j j J 1 1-1 1 1 (_5-!jl (JjI^O (j-°J ••l_r :v j ^LSiseJ ^ gjj i"i (_gj" mi 1 1 (J^>- 
>^-lj| m£^j?e_« (_^_b M^-3 (_ 3 -^-ll 3jL?tj>J1 j ij se ii^> (j_a (jjSJu 4_al>Jl ^JLfl> (jl_i 

cIjL^jj^ 'j>^' o'er'! ' ^ *'^M IJ-flsO^-^! Cr^ *L«i«JI JJl>J Jl3j...i_2UJI 

(_y3 1 % ,*:,"sl -jj cjL2i>- «U jJ iU^a cr^j S~5^ O ' '-^JLH LA O^J j j ' ^ 1 1 Sj^S^Lo 

g I ' >* ^ 1 1 ^_j_lS^_« (ji »_ a j . ,(jjj^_iljj1 * t£^S (J^>- '"*■ 2ia* ^^>-j 1977 aLc 

Jj^-j ^La- 1 n"i <J I 1 J 'I VI (_gj"iMioll LajjtA (J^lS (j-o Lb^jv I I I j I j-u^u 

(_ 7 _j_lS^_« SjJlJL* f*^~£- j j lu-aj (jS_4J SJljJljkJI j j l^j I 4j_uIjj (j-*j ,CjL21>- 
il LujjiJ 3-fljSj L^jl diJj 4ii-J| ojut (_aLij^l ^le. I I j 10 j-u^ »l uaAll 

. jl>. I j ^P-o j-Lij cr^ 3^ < ' " ■Jyj^} ^ 

^_3 d »je^uaJI «lj_<iJ>JI ^ » 2q]| <UjI JanJI «UijJkl CjLjiJi^. Cjjjj^s Lii 

. 4jl2jJI Ojui J-l-u ("i^ C3-^ *' flUtl JLcLtuJ j<sJ JJ LaJI (jS>-!j (_gj"lMltl 

jiiSI Cj^*C mi U j CjVjI i ."ill (j_o CjLajJL«J,l j>JLfl> CjjuI l _ J <i\c • a uia (J^J 
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».U~,..~ (jl i nC- j iaL«JI I jufcjji.ljt ^ ^*i* U (jJJ (2 ^3j jiLuIl) 2_JbJI 
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J-itjjuJI v9^"9 U9^' 




^^■TlJoJ. I l_<£aS 
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: JJ^"" tj^ <-iIJX1 



. 1939 ^jIj^s 14 ^^a SjjjjJI j'-" Sjjj^q-^j SjjkLill ^^a jJj * 
aLc (^ 3j_&L2JLi ^jSLj^'^I 3-»-aL>JI (j-o jj"i n-vLl,l 3^j-jJ (_,lr J ■ ^»-»- * 

.oljj^jJI SJLuj jj^UJ! c^Js^JI ^ jjjj 1972 
2 itj . s- ;~. . .. \\ 3_*-oL>Jlj 3jjiL2JLi "LiS^-o^l 3-*-oL>JLi u^jjJijJLi aLjs * 



3J — jtl SuaLJ! cIjVLsIIj ^yxJjiJI JLpJI ^.^a <j_o jjjjtJI <U j-ij * 

aj I < llj t_iljVlj (jjJ-aJI 3-jLcjJ lr ^/l (j.il->J,l (^c iiyJL>- «U jJlls * 
(jIjJaj 4_ujj>JI «LiiIu L$£. jj (JjO 4^.^.^.a <icj_<i5c-a Jji i3j-&L2JLi 4_j£.Lii>- VI 
.4j_^_lL>oVI dJtill ^1 I j" i ~^j" («JJ (.- I laaAl I (j-o 3lj-C.) 
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